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INTRODUCTION. 


With the appearance of the first issue of this new . 


periodical, the policy and aims should be outlined 
which will be pursued in these pages. The Philips 


Research Laboratories are continually receiving 


an everincreasing number of enquiries and requests 
from many quarters for more detailed data ‘and 
` particulars of: the extensive range of Philips pro- 
ducts, and especially for information as to their 
specific characteristics and practical applications. 
A large proportion of these enquiries comes from 
the engineering world and it is hoped by means of 


. this periodical to establish pelmanent contact, 


with these circles. 
This journal will deal with the following items: 


a) Technical descriptions of new Philips products, 
and reports on investigations relating thereto, 


b) Information concerning the applications | of . 


` these products, and 


c) Technical articles of a more general nature 


on various questions relating to the above, . 


which may be of interest to the reader. 


- An endeavour will be made to ‘present the sub-' 
E ject matter of the articles as simply as possible. 


Mathematical treatment will be resorted to neither 

more nor less than is ‘necessary. Facts which 

can be concisely stated by mathematical for- 

. mulae will in addition be explained in simple 
V 


language, which will make it possible for those 
who do not wish to follow the mathematics to 
gather the gist of the article from the text alone. 
Additional clarity will further be strived for by 
the free use of diagrams and graphs. In this way 
every unnecessary show of learnedness will be’ 
avoided, but on the other hand care will be taken 
that this simplicity of expression does not lead 
to superficiality and indefiniteness when dealing 
with really complicated subjects. 

' Each contribution to this ‘periodical will he, - 
as far as possible, complete in itself. Owing to the 
wide range: of products manufactured by Philips 
avery article cannot be expected to command the 
same‘ measure of interest from every reader. 
Nevertheless, it may be expected that many 
readers wil find matter of interest also in those 
contributions which do not concern their own 
immediate activities. | ns 

This periodical therefore will be not merely 
a journal embracing the activities of the Philips 
organisation nor a technical journal on popular 
lines, but a source of information of value and - 
interest to the whole engineering profession. Our 
hope is that this publication will prove of practical 
interest and use to many, and in consequence 
merit a wide circle of readers. 
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Süniiary: -The visible tadiations of sodiu and mercury vapour lamps are generated . 
by entirely different processes. Sodium is excited by.the impact of electrically. accelerated: ., ., 
electrons against atoms in the normal state. In high-pressure mercury vapour lamps - 


aw 


Introduction 


The technical features of sodium and mercury- 


vapour lamps as regards the state of the metal 
vapours have developed along very different lines, 
which in many respects: have been tending in 
opposite directions. Thus it has been found that in 


vapour was the higher, the:lower the vapour 


pressure, the current density and the luminous 


intensity, while that of the mercury vapour lamp 


s 


in the range investigated increased with these 


. factors. Table I brings out the marked difference 


between. these two types of gas-discharge lamps 
in their present stages of development. This table 
compares certain essential data: of the metal 


. vapours of a commercial sodium lamp with an 


experimental type of mercury .vapour discharge 


tube of very LORS RÀ 


Table L Characteristics: of the metal: vapour of a sodium 
` tube lamp of 100 watts (Philora type SO 100) and of a super- 


eec 


‘high-pressure mercury, lamp’ ‘of 1400 watts p is uio type): 


n 25 

' : | Na | Hg 

Pressure in atmos. : ` , 7 . 197^ 200 

: Current density in amp/sq.em. 0.4 280 
Cross-section i in sq.cm. 1.43 | 0.0075" 
Luminous intensity in candles/sq. em. 10—20 180000 

Vapour temperature in deg.C 280 8600. 

Light output in lumens/watt . 68 18 

= ; " 


x 


` The ‘sodium LO is € by a doable 


- walled vacuum flask which diminishes heat con- 


duction; the mercury vapour discharge, however, 
is cooled by running water. 


the radiation is promised by the temperature of the mercury vapour," 


r- 


_ The complete. divergence : in the behaviour’ of — 


E , 
i ux P 


ra E -er T » 


sodium vapour and mercury vapour cannot be 
readily reconciled with the assumption that the 
` processes responsible . for. the emission of light 
from these two classes. of; lamps are analogous. 
Closer examination does in fact show that, in 
spite of a fundamental similarity in the mechanism 
of the.two forms of “discharge, . there is yet an es- 
sential difference between -the«processes- generating 


_ the visible, radiation. Those: prosesses which furnish 


the useful light i in thé mercury lamp represent, on 
the other hand, undesirable losses in the case of 
the sodium lamp, and vice' versa. The explanation 
of this must be. ere in ;the. different, Structure 


M^ VE 


necessary for us to consider the C uim prin- 


ciples of atomic physics regarding the emission 


. of light from atoms. 


c EM 
Luminous Radiation due to Atomic Processes 


Tn discussing this problem the principles will | 


"bé followed enunciated in the atomic theory of 
Bohr. The sodium atom consists of a positively- 
‘ charged nucleus about which 11 electrons revolve. 
A! measure “of the forces linking the. electrons to 
the’ ‘atom’ “is the energy which" must be expended 
£o reinove an electfon from thé rést of the atóm. 


. With both the sodium and mercury atoms it has 


“been found: much easier to remove the first electron 
from the atomic systém than subsequent electrons, 
"whose Separation requires the expenditure of ‘a 


much larger amount of energy: Tonisation may be ` 


produced, for instance, by bombarding the atom 


‘with electrons which have been sufficiently acce- - 
- lerated by an electric field that they are able to 
. impart the requisite energy for ionisation to“one 


of the atomic electrons. If an electron with charge 
"e has passed through a "voltage m of L4 vole 
and BOR the energy: ? 


- t ^ 
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sged i in this process, it will Be termed an election. 
.of V volts. poe Nor Ste dl ee oe 
. ** To be able to ionize sodium an electron must have 

a acquired at least 5. 12- yolts, while in order to ionize 


mercury 10.38 volts are required. If electrons with 
a lower energy collide with the atoms, they will 
_ prove too weak to break up the: atoms into positive 
ions and electrons, I 

The atoms, ur however. ubl: to: absorb ‘certain 
amounts" of energy "which are* smáller than. the 
valies i irrespective 
of magnitude: cannot be. absorbed; the energy 


Ei ~ EP. 


_ absorbed must be in specific quanta. 


. The consequences will be discussed: somewhat 
in detail for; sodium ‘atoms bombarded with 
electrons of” steadily increasing velocities. As 
long “as an electron ha’. passed: only through a 
Voltage ‘range. Which" is “sfialler than 2.1": volts, 
collision is perfectly elastic since the sodium cannot 
absorb such small energy quanta. But as soon as the 
electron has passed-through d "voltage drop of 2.1 
“volts, it isable to impàürt the corresponding energy 
quantum of 2:l e.to thé 'atom:*By absorbing this 
amount of energy ¢ the atom passes into a socalled 
excited state, from which it is usually able to return 
very rapidly to its initial normal state’ (e.g: after 
-the-elapse of-abóut. 107? sec). During^this process 
it radiates light o of a perfectly définité wave-léngth 
À or frequency’ ”, tas expressed by Planck’s 
equation: d 


n 


hc 


Pew Ga dH) 


BUS Ac i "us 
where c is the velocity « of light and h the constant 
= 6.55-10—7" ergsec). 

Equation, (2) not only applies to the transition 


from the first excited state to the normal" state, . 
but-in fact to every transition from one specific - 
energy level to another during which the energy |: 


liberated is radiated as light. £- is here the difference 
in energy between the two states. In the particular 


‘case where sodium is excited by. electrons of at 
least 2.1 volts, a yellow light is radiated. Analysing ` 


this radiation with the spectroscope, two lines are 
found, with wave-lengths of 5890 and 5896 A res- 
.' pectively. These lines correspond. to transitions 
. fróm two states whose energies differ by such a 
- small inargin that in practice it is not possible to 


obtain the lower ‘excited state’ alone. The wave- 


lengths agree. with ‘equations (2) and (1), from 
which we obtain the following relationship between 
the wave-length 1 of the luminous radiation in A 


' and the potential difference passed through: 


wA 


With mercury; electrons of 4.86 volts are similarly 
found: capable of generating the ultra-violet mercury 


-line. with a wave- Mie of. 2537 AL 


Viz 52 v. 


(5060 


Fig. 1l. Energy levels of Sodium and Mercury. The thickness ` 


of the lines denotes the visibility of the transition phenomena; 
invisible (ultraviolet and infrared) transitions are shown as 
broken-lines. V; is the ionisation voltage. With. sodium, 


visible light is produced mainly by resonance lines (5890. 


and. 5896 Å); higher transitions give infrared’ radiation. 


With mercury, visible radiation is produced by higher tran- l 


sitions (mainly 5461 and 5791 À) t the resonance lines (1850 
and 2537 Å) are ultraviolet. . 


: : CA he o 6.55:107 3-10" D wr. 
* ^ »*eV[00 ^ 470107.» — 
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If in the case of sodium the velocity of the bom- 
barding electrons is increased, various other lines 
of the sodium spectrum appear successively. Thus 
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at 3.2 volts two infrared lines in the neighbourhood 


of 11400 A are obtained, corresponding to a tran- - 


- sition from the 3.2 volt level to the-2.1 volt level, 
and from 3.5 volts onward there’ appear the lines 
8183 and 8195 Á. In: ‘this way thé ‘whole of the 


sodium spectrum , is gradually” produced, . until at 
5.12 ‘volts the sodium - is: ionized. Similarly with 
mercury, at 6.67 volts there appears i in the extreme | 


ultraviolet a liné with a wavelength of 1850 A. 
From m 1 volts onwards one. -gets the wellknown 
green, blue and violet lines of mercury with wave- 


lengths of 5461, 4358 and 4047 Å, while in the 
neighbourhood of 9 volts the yellow mercury line 


5791 A ‘appears, as well as a large number of lines ` 


which are on the threshold between the visible violet 
and the ultraviolet. . 

The energy levels of sodium and mercury may be 
represented as shown in fig. 1. Along the vertical 
‘axis the minimum voltage is plotted which the elec- 
tron must pass through in order to he able to bring the 
atom into the corresponding state. The individual 
levels between which a transition accompanied 
by radiation may occur are joined by lines, whose 
thickness corresponds roughly to the intensity of 
the visible light obtained. These diagrams clearly 
show that not all possible transitions are obtained 
with noticeable intensity, thus e.g. there are no 
combinations between the energy levels in one and 
the same column. In fact, whether reciprocal com- 
binations are possible or not with the emission of 
radiation has determined this distribution of the 


different energy levels over a number of columns. 


‘This question cannot be discussed in l detail within 
the scope of this article; ` 

The diagram shows that the common yellow 
' sodium lines which make up the larger part of the 
_ visible light emitted by sodium lamps are radiated 
on the transition of the sodium atom from the 
lowest excited state to its normal state. The ana- 
logous process with mercury gives an invisible 
ultraviolet line and must therefore be regarded as 
undesirable. On the other hand, the visible mercury 
lines in the green and yellow ` are due to transitions 
between higher levels, which in the case of sodium 
mostly produce infrared lines. To this is due the 
` fundamental difference in-the behaviour of the 
sodium and mercury vapour lamps. 

Energy can be imparted to an atom not merely 
by bombarding it with high-speed electrons, but 
: also by causing the atom to absorb. radiation ‘or 


raising the gas to a high temperature. In these 
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processes also it is found that the atom can absorb 

energy only in definite quanta. If the temperature 
is.not too high, practically all the atoms are in the 

normal state and they then absorb only such light 

quanta, as are radiated on return to the normal 

state. The smallest light quantum which can be 

absorbed is that corresponding to a transition 

from the normal state to the nearest excited state. 

A spectral line radiated on return to the normal 

state is termed a resonance line. ' 

: The resonance lines play an important part, as 
they are strongly absorbed by the gas itself. If 
the-pressure of the metal vapour is not extremely 
small, the intensity of the resonance radiation is 
considerably weakened by self-absorption. Self- 
absorption is not intrinsically a loss in luminosity, 
as the absorbed energy is usually emitted again 
in the form of a light quantum of the same wave 
length. But it may happen that an atom before 
radiating the absorbed light quantum is excited 
to.a higher degree by collision with an electron 


(cumulative excitation) or transfers its energy to « 


an electron and thus returns to the normal state 
without emitting radiation (collision of the second 
kind). 

Tt is obvious that the weakening of the resonance 
radiation in gaseous discharges is-determined not only 
by the intensity of self-absorption, but also by the 
relative occurrence of the secondary processes 
referred to. Self-absorption increases with the 
pressure, while the secondary processes increase 
with the current density. 


Conclusions bearing on the Design of Sodium and 
Mercury Vapour Lamps 


The above considerations show that to obtain 
a high output of visible radiation from sodium 


` vapour and mercury vapour lamps entirely -dif- 


ferent methods must be adopted. To obtain a high 
yield of light rays with sodium, it is essential for 
the resonance radiation to predominate and tran- 
sitions between higher energy levels to be suppressed ` 
as far as possible. On the other hand in the mercury 
vapour lamp the discharge must be such that the 
maximum radiation is obtained by transitions 
between high energy levels. 

As already indicated in the previous section, 
resonance lines are easily and considerably wea- 
kened by ‘self-absorption. This weakening is un- 
desired in the sodium lamp, but highly desirable 
in the case of the mercury lamps. As this weakening 
due to self-absorption increases with the gas 
pressure and'the current density, it appears that ` 
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to obtain the best results, sodium lamps should 
have a low vapour pressure and be run on a low 
current density, and mercury lamps have a very 
high vapour pressure as well as a very high current 
density. 

How far the adoption of these principles would 
result in an increase in the light output of sodium 
and mercury lamps will be discussed in a later 
paper. Certain results will, however, be briefly 
referred to here owing to their general interest, 
although they do not completely bear out the 
considerations above. It has been found that in 
the sodium lamp radiation is produced as a result 
of excitation by electronic collision, On the other 
hand, when passing a discharge through mercury 
vapour at a high pressure, the conditions of ex- 
citation and ionization are determined by the 
temperature of the vapour, in other words the 
vapour atoms behave as if they were contained 
in a closed vessel at a constant tempera- 
ture. In spite of the input of energy by the 
current and the output of energy by radiation, 
a thermal equilibrium is roughly established. This 
is due to the fact that owing to the high con- 
centration of the mercury atoms the energy stored 
in the gaseous column as heat is much greater than 
the energy input and output during a specific 
time interval sufficient for thermal equilibrium 
to be established. 

In the case of sodium, nearly the whole of the 
energy of the electrons is converted to resonance 
radiation, when the current density is extremely 
low and the vapour pressure has a suitable value. 
In practice this limiting case is not approached, 
because inter alia part of the energy must be con- 
verted to heat in order to maintain the walls at 
such a temperature that the vapour pressure 
of sodium has a satisfactory value. The energy 
lost by thermal radiation increases with the area 
of the radiating surface. Thercfore a specific luminous 
flux should not be radiated through an excessive 
area. The luminous density and hence also the 
current density must therefore not be too low. 

The spectral distribution of energy in the ra- 
diation of high pressure mercury vapour presents 
a very complex problem. With rising vapour 
pressure, the relative concentration of mercury 


molecules Hg, also increases. These molecules give 


a spectrum, composed of wide bands instead of 


sharply defined lines. As a result the line spectrum 
will gradually become covered by a continuous 
background, the transition. becoming the more 
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marked as the vapour pressure rises. Fig. 2 shows 
the spectra obtained with a super-high-pressure 


mercury vapour lamp at different vapour pressures. 


Pols 


P = 120 at 
80 at 
50 at 


20 at ro" B 5 x: F 
lat om oe on ST! 


« 0.1 at 


| l l | l 
2378 2537 2653 2804 2967 3132 Å 


Fig. 2. Spectrum of a mercury vapour discharge, cooled with 


a stream of water, at different vapour pressures P. With 
rising vapour pressure, the spectrum lines will progressively 
be covered by emission and absorption bands. (Internal 
diameter of tube 2 mm, current intensity approx. 1.3 A). 


The most striking difference in these spectra is the 
steady intensification of the continuous back- 
ground beginning at the resonance line 2537 A 
and spreading mainly in the direction of the longer 
wavelengths. With the increase in vapour pressure 
an absorption band progressively covers a greater 
part of the spectrum owing to self-absorption of 
the resonance radiation. The appearence of the 
bands may be regarded as the first stage of the 
transition of radiation into a state of thermal 
equilibrium, where the spectral distribution of 
intensity is no longer determined by the charac- 
teristics of the individual atoms but merely by 
Planck’s law of black body radiation. Since a 
black body at the temperature of the radiating zone 
in the discharge emits comparatively more red radia- 
tion and less ultraviolet radiation than a mercury 
vapour lamp, it may be concluded already from ther- 
modynamical considerations that with rising vapour 
pressure the center of gravity of the intensity 
distribution becomes shifted towards longer wave- 
lengths. This effect is indeed clearly brought out 
in fig. 2. The wide absorption bands produced by 
a broadening of the resonance lines weaken the 
ultraviolet radiation of the mercury vapour to a 
degree which increases with the rise in vapour 
pressure, while the continuous background which 
increases in intensity with the pressure stretches 
far into the red and infrared region of the spec- 


trum. 


Compiled by G. HELLER. 
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A MODERN HIGH-VOLTAGE EQUIPMENT 


Summary. The equipment described furnishes peak voltages up to 1000 kV, and a D.C. ' 
voltage of 700 kV, a current of 4 milliamps being derived. Compactness and simplicity 
of control are its features. The installation is composed of two symmetrical units. One 
unit comprises four stages, each consisting of a condenser and valve; each structural 
element is subject to a quarter only of the total voltage. Owing to their special design, 
the valves are able to cope with a 200 kV backfiring voltage. The oxide cathodés are , 
heated by means of a high-frequency generator. 


Introduction l BENE E 
The: problem. of generating D.C.. voltages up to 
several hundreds of-kilovolts has been stimulated 


in a high degree by the developmént of atomic 


physics, which has acquired considerable propor- 
tions during the last few years. For, experiments 
on thé disintegration of atoms a very large number 
of high- voltage” equipments complying more or 
less with the special requirements have been desig- 


ned and constructed. But most of, these equipments. 
take up a great deal of -room.. .and- démánd- much. 
of the experimenter's attention, which; therefore,. 


has to be necessarily divided between the actual 
"experiments in hand and the apparatus supplying 


45046 


Fig. 1. Principle of the Greinacher circuit. If transformer 
T supplies an A.C. voltage of amplitude E, point c is at a con- 


stant voltage 2 E and point e at a constant voltage 4 E with: 


respect to earth. The circuit can be expanded as required. 
the requisito high voltage. ‘An installation which, 
while not relieving the experimenter from every 
such duty, yet does simplify supervision to a marked 
_ degree, has been developed in the X-ray laboratory 
_ of the Philips Works!). This equipment, which 


1) A short description of the equipment — which has since 


been much improved — has been published by A. B o u-' 
wers (“Modern X-ray Development”, British J ournal 


of Radiology 7, 21,- 1934). 


supplies a direct current of 4 mA at 700 kV and 


peak voltages up to 1000 kV, takes up very little 
space and is remarkable for the simplicity of its — 
construction and operation. 

The theoretical lay-out of this tiin 
is based upon a circuit, first described by 
Greinacher. Cockcroft (Cambridge), and 
Bouwers (Eindhoven), working independently 
almost simultaneously thought. of applying this 
principle for generating very high voltages. - 


Principle of circuit 

The fundamental diagram is shown in fig. I. 
The secondary winding T of a high-tension trans- 
former furnishes an A.C. voltage of amplitude E. 
Point a is earthed and is thus always at zero po- 


N 


15042 


Fig: 2. Voltage-time curves for various points of the circuit 
in fig. 1. Across-each valve the voltage fluctuates between 
zero and 2 E; for adjacent valves the phase- -displacement 
is half a ee à 


tential. (This fact is not essential, but it is stated 
to facilitate a clear understanding of the circuit). 
Point a, has a voltage with respect to earth, which 
is represented by the voltage-time sine curve a, 
in fig. 2. How will the voltage at point b vay: 
with time? 

In the absence of yak Vi the upper plate of 
condenser C, would alternately assume. a positive 
and i. charge, whose maximum value would 
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correspond to the peak value E of the transformer 
(it amounts to E times the capacity of C,). As, 
however, valve V, permits the current to flow in 
circuit a a, b b, a in one direction only (viz. to the 
left) 2), the positive charge once accumulated on 
the upper condenser plate will be maintained, as 
the deficiency of electrons cannot be made up via 
V,. Condenser C, is thus charged to the peak voltage 
E, and the potential at b consequently remains 
+ E in excess of that at a, (or —E, if the valve is 
reversed). The potential at b which with respect 
to earth is identical to the voltage across valve V, 
can obviously be represented by curve b: it oscillates 
between zero and 2E. 

The same reasoning may be followed for ascer- 
taining the fluctuation of the potential at point c 
of the adjacent circuit. The voltage across valve V, 
which oscillates between zero and 2E, here per- 
forms the function of the A.C. voltage supplied 
by the transformer; owing to the action of valve 
V,, condenser C, is charged to the highest voltage 
occurring at V}, viz. 2E. Point c, therefore, has a 
constant potential 2E with respect to b, (— earth) 
(cf. line c, fig. 2). 

Between points c and b, i.e. across valve V}, 
a voltage occurs which can readily be found as 
the difference of the potentials at these points, 
that is, the difference between the ordinates of 
curves c and b (cf. the shaded area V,.) It is seen 
that the valve-voltage V, oscillates between zero 
and 2E (which was also the case with valve V,), 
this voltage being displaced by half a cycle with 
respect to that of V,. Starting with V, and pro- 
ceeding by the same method, it is similarly found 
that at point d the voltage fluctuates between 2E 
and 4E; and also, that point e acquires a constant 
voltage 4E (cf. curves d and c in fig. 2). 

If, for instance, the original A.C. voltage E is 
100 kV, a D.C. voltage 4E — 400 kV is obtained 
at c; by means of a second unit devised on the 
same lines but having valves operating in the 
opposite direction, a voltage of —400 kV can be 
obtained. Between the terminals of the two systems 
a total voltage 8E = 800 kV will therefore obtain. 
From fig. 2 it will be evident that in the unit 
described, voltages still higher than 4E occur: 
between points e and a,, the voltage fluctuates 
between 3E and 5E. By earthing point a, instead 
of a, a peak voltage as high as 5E per unit may be 
obtained, so that two units in combination are 


able to supply a peak voltage of 10E. 


2) In the symbol for the valves used in fig. 1, the arrow 
denotes the cathode; the arrow consequently indicates 
the direction of the flow of electrons. 
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The main advantage of this circuit is that all 
condensers and valves are subjected to a fraction 
of the voltage only (viz. 2E, and even E only in C,). 
This has enabled the dimensions of all components 
to be kept within reasonable limits. Moreover, each 
unit is composed of identical stages, so that still 
higher voltages can be attained by increasing the 
number of stages per unit. 
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Fig. 3. Complete equipment consisting of two units. The 
metal globes B enclose the connecting points to eliminate 
corona phenomena. Between the globes the condensers C 
which form the vertical structural elements are visible; the 
valves V are fitted in the sloping interconnections. The 
transformer is at the rear, the transmitter H for high-frequency 
heating is in the front. 


Description of equipment 


Fig. 3 shows a photograph of the complete 
equipment, comprising two units of four stages each. 
At both sides of each unit the condensers C(paper 
condensers of about 0.01 uF) can be seen mounted 
vertically; the valves V are contained in the sloping 
connecting members. The connecting points b, 
c, d and e are surrounded by globe-shaped metal 
shields B to decrease corona phenomena. Theore- 
tically, a maximum D.C. voltage of 800 kV is ob- 
tained between the terminals if the amplitude of 
the transformer voltage amounts to E = 100 kV. 
(When the system is loaded this voltage will be some- 
what lower because the condensers cannot maintain 
their peak voltages. Also, a ripple amounting 
to a small percentage will occur in that case). By 
a slight modification of the circuit, it is possible, 
as already mentioned, to obtain a voltage fluc- 
tuating between 600 and 1000 kV. 

It has already been pointed out that this type 
of installation is not by any means bulky, the 
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equipment shown in fig. 3 occupying a floor area | 


of only.1.5 X3 m and being only 2 m high. It can, 
therefore, be accommodated in a comparatively 
small room. 


The valves 


. Among the various components constituting 
the equipment, the valves designed by Mulder?) 
(Eindhoven) call for special mention. They con- 
tain mercury vapour at saturation pressure (ap- 

, proximately 2:107 mm at 15? C) and are provided 


L-4nnni--J 


C2 


Fig. 4A. Two-stage unit. Starting at instant tọ a current is 
taken from c. 


2E 


n 
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Fig. 4B. The variation of potential at points b and c is 
similar to that in fig. 2, but the potential of c slowly decreases 
from the instant ty. At t,, the potential difference across the 
valves (between points b and c) attains the value of the 
ignition voltage E; ignition is effected, the potential at c 
increases up to ty. During the short interval t,—t, the whole 
charge. of.condenser C, lost during the long interval t,—t, 
has to be made up. The charging cuxrent must therefore assume 
high momentary values during this short interval. 


with oxide cathodes. It is true that, compared 
with high-vacuum valves, gasfilled tubes have 
the disadvantage of a high ignition voltage (about 
7 kV). Moreover, their operation sets a limit to 
the ambient temperature, such that in view of 
the mercury-pressure required, the permissible 
temperature range is restricted to between about 
15° and 40° C. On the other hand, they offer the 
advantage of a very low voltage drop (50 volts); 
their main feature, however, is that they -enable 
oxide cathodes to be used which require very 
little heating and thus facilitate the application of 
“high-frequency heating", described below (the 


power required for heating tungsten cathodes is - 


about ten times greater). 


pum 


3) of. J. G. W. Mulder, Dissertation, Delft 1934. 


- 
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Notwithstanding the fact that the high-tension 
equipment has to supply a current of a few mil- 
liamps only, the cathodes must be designed for 
an emission current of about 100 milliamps, for 
the instantaneous values of the charging currents 
in the valves are many times greater than the 
current to be ultimately supplied. This point will 
be considered in some detail, as it is of paramount 
importance to the efficient functioning of the 
installation. . E l l 

When the equipment has to supply current, 
the functioning of the installation is explained 
on the same lines as outlined above, except that. 
the potentials of the condensers are somewhat 
reduced as a discharge occurs. The state of affairs 
is shown in fig. 4B, for an installation of only two 
stages, up to c (fig. 44), and assuming that at a 
certain instant ty the current is drawn from point c. 
The potential at c, which was initially 2E, now 
slowly drops as condenser C, is discharged. At a 
certain instant the potential at b, which, as pre- 
viously stated, fluctuates between zero and 2E, 
will be: in excess of the decreased potential at c; - 
when the excess voltage reaches the value Eg of 
the ignition voltage — at the instant t, — the 
valve is started up and the condenser C, becomes 
recharged. The potential at b, however, remains 
only a short time at the peak around 2E; it de- 
creases again, whilst the potential at c increases. 
Shortly after, at the instant t,, the potential dif- 
ference at the valve becomes zero and the charging 
current is interrupted. From this point, the cycle 
is repeated. In order to prevent the condenser 
voltage from decreasing regularly at intervals, it 
is necessary to restore to the condenser in the short - 
period t,—t, that charge which has been lost 
during the long period t;—t, by the discharge 
current. As the charge is represented by the 
integral of the current over the time, it is - 
clear that owing to the short duration of the 
charging current its magnitude must be corres- 
pondingly greater; it should exceed the discharge ' 
current by the ratio between the time intervals 
ty—ty and t—t 5). | f : 

The oscillogram of the current of condenser C,, 
shown in fig. 5, clearly shows how the condenser 
is discharged with a small current and how the.- 
charge is restored in a few peaks. 

Moreover, the importance of using valves with 
a lo w ignition voltage will now be evident. If the 


4) If the potential at c is decreasing more quickly, point t, 

is shifted to the left and the ratio of the time intervals 

. becorhes more favourable, but the potential "ripple" at c 
is then very large. 
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ignition voltage is high, it may happen that, at the 
first “crossing” of the potential at 6 and c (point t, 
in fig. 4B), no ignition of the valve at all takes 
place, so that the condenser is stil] further dis- 


Fig. 5. Oscillogram of current in condenser C, (of fig. 4A), 
showing the small discharge current (below the zero-line) 
and the peaks of the charging current (above the zero-line, 
about 10 times as large). 


charged, until recharging occurs at the next 
“crossing”, or even later! In this case the time 
interval for restoring the charge has become still 
more unfavourable. 

The valves used are provided with oxide ca- 
thodes consuming about 8 watts, which is ample 
for obtaining the necessary emission current. 

As the cathode is at a potential of several 100 kV, 
the heating power supply presents a problem in 
itself. Cockcroft made use of small storage 
batteries, which were placed directly on the con- 
densers. This seems to be a simple solution, but 
the regular charging and supervision of the batteries 
necessary are serious drawbacks and prove very 
inconvenient. In the case of the equipment des- 
cribed here, the cathodes have for some time 
been heated by small generators, a method also 
employed by Cockcroft. The generators were 
mounted on the condensers and were driven in 
pairs by a motor on the floor through a common 
insulating pertinax shaft. This solution is fairly 
satisfactory, but has the drawback that operation 
is not noiseless. 


The high-frequency heating 


The heating problem was later solved in a more 
elegant way by the application of high-frequency 
heating, a method suggested by Kuntk e (Eind- 
hoven). The circuit at present used is shown dia- 
grammatically in fig. 6 (only one of the two units 
is shown). 

The condensers C,-C, act as insulators for the 
D.C. voltage produced, but allow a high-frequency 
alternating current to pass freely. Between the 
points a and b, (a is at zero potential) an alter- 
nating voltage is applied with a frequency of 
7.5°10° c/s (corresponding to a wavelength of 400 
metres) and derived from a small 150-watt trans- 
mitter H. This A.C. voltage now delivers current 
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to the high-tension circuit without affecting the 
high tension and without being affected thereby. 
This implies, however, that the circuit must be 
suitably dimensioned to carry both kinds of 
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Fig. 6. Circuit diagram of a single unit, with supplementary 
high-frequency heating. Through the high-tension circuit 
there also flows a 750 kc current of 0.7 amp; by means of 
specially-designed air-core transformers (at b. c, d and above 
C,), the requisite value of 3.5 amp for heating the cathodes 
is obtained. The functions of the supplementary components 
(capacities, inductances and resistances) are explained in 
the text. 


current; the condensers for instance must be 
designed in such a way that, apart from the re- 
quired capacity and disruptive strength, they 
involve only small high-frequency losses. Not- 
withstanding the special design, the high-frequency 
losses in the condensers are still comparatively 
high. Therefore it was desirable to restrict the 
high-frequency current intensity to 0.7 amp. To 
obtain the 3.5 amp current required for heating 
the cathodes, small air-core trnasformers of a 
bil 


circuit (cf. fig. 6). The necessary power of 8 watts 


ratio have therefore to be included in the 


is arrived at by constructing the air-core trans- 
formers with a tight coupling and low leakage; 
the secondary voltage is derived from taps on the 
coil, as in an auto-transformer. All cathodes are 
thus heated in a series circuit. 

Some details of the diagram shown in fig. 6 
may be referred to. The resistances W of 20000 
ohms, connected in series with the valves, were 
originally designed to limit the initial current at 
the moment of ignition; now they also serve to 
prevent the valves from providing a shunt for the 
high-frequency current. For the high-frequency 


current the capacity C' shorts the transformer, 
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while capacity C" bridges the last valve. The self- 
inductance L is used to tune the circuit to reso- 
nance and, therefore, to reduce the impedance 
‘of the high-frequency circuit to the minimum 
possible. The choke coil L’ prevents the high- 
frequency circuit from passing over to the loading 
circuit. 


The design of the valves is such that the dis- 
charge path between cathode and anode is sub- 
. divided by a number of short metal tubes. The 


valves are glass tubes about 50 cm long and 3 cm 


in diameter; the cathode-anode distance d is about 
30 cm and is sub-divided by means of 60 tubes in 
such a way that the distance c between the small 
tubes amounts to about 0.5 cm (cf. fig. 7). 
The function of the tubes, which may be regarded 
as intermediate electrodes, is to increase the back- 
firing voltage; this is briefly explained as follows: 
: The break-down voltage depends on the vapour 
pressure and the distance between the electrodes. 
When the distance between the electrodes is 
decreased, with a fixed vapour pressure, a region 
is ultimately reached in which the break-down 
voltage increases with decreasing elec- 
trode-distance ê). Roughly speaking, this condition 
prevails when the mean free path of the electrons 


5) Cf. eg. J. J. Thomson and G. P. Thomson, Con- 
duction of electricity through gases, Cree 1933, 
Vol. 2, p. 475 ff. 
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' 
* 


in the vapour is of the same order of magnitude 
as the distance between the electrodes. Then, 
owing to the deficiency of the number of collisions, 
the electrons do not produce a sufficient quantity 
of ions to cause a discharge. Now the mean free 


path of the electrons in mercury vapour at a 
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Fig. 7. Construction of valve: the distance d = 30 em between 
cathode K and anode A is subdivided by 6 tubes each separ- 
ated by a distance c = 0.5 em to increase the backfiring vol- 
tage. The bridging condensers produce uniform distribution 
of the total voltage along the tube. . 


pressure of about 210 mm is of the order of a few 
centimetres and is therefore comparable to the 
distance between the small tubes. The latter are 
interconnected by condensers; this affords a linear 
potential distribution along the discharge-path, 
which is necessary during the period during which 
the tube has to stand the full voltage (2E). The. 
dielectries of these condensers are constructed as 
rings of high-tension Philite and fitted round the 
valve-tube, and thus give the valves the striking 
appearance shown in fig. 3. 


Compiled by $. GRADSTEIN. 
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RELAY VALVES AS TIMING DEVICES IN SEAM- P WELDING PRACTICE 


By D. M. DUINKER. 


s 


Summary. The usual method of bonding two pieces of metal by spot-welding is to pass 
a very high-ampere alternating current through them. Practical experience in recent 
years has shown that to obtain a reliable bond it is essential to limit the time the current 
is passing to a few hundredths of a second, i.e. to a small number of periods at a 50-cycle 
frequency. In welding long seams the parts to be bonded are passed between roller-type 
electrodes at a constant speed, a series of welding-spots being produced by passing a current 
impuls of the above mentioned duration through the electrodes at uniform intervals. 
A timing device designed for this purpose must therefore allow the current to pass for a 
. certain number of cycles x, then arrest the current for a further number of cycles y and 
repeat this sequence (x+y) continually, Mechanical timing devices are not suitable’ 
for this purpose owing to the extremely short period of time involved (of the order of 
. 0,02 second) and the powerful current used (usually several 100 amps). The employment : 
of a relay valve controlled by a relaxation oscillation offers considerable advantages 
as it operates with perfect synchronism and can be readily and instantaneously regulated 
within wide limits. The design and operation of a timing device of this type are described 


below. 


In addition to arc welding, two pieces of metal 
can also be bonded electrically by resistance welding 
in which a powerful current is passed through the 
metal. In this process the greatest resistance to 
the flow of current is encountered at the gap be- 
tween the two surfaces, the heat generated at this 
point causing the metals to fuse together to give 
the desired bond. Usually the current is supplied 
to the two pieces of metal by means of more or 
less tapered electrodes, the weld covering an area 
with a diameter of only'a few millimetres. Hence 
the term “spot-welding”. To produce long seams, 
a series of welding-spots are required, to obtain 


` which the electrodes are made in the form of rollers | 


that are brought in contact with the metal surfaces 
to be bonded. The metal is then passed between the 
rollers at a speed determined by the distance 
required between th? .welding-spots, which in 
turn depends on the required mechanical strength 
and impermeability to.liquids of gases. The present 
paper deals essentially with this method of seam- 
welding. 

The heat generated at a welding-spot is deter- 
mined by the strength of the current passed and 
its duration of flow. Investigations during recent 
years have shown that it is important for the cur- 


rent to be sufficiently powerful to allow it to pass- 


through the metal for only an extremely 
short period of time, in order that the 
heat generated is restricted to the spot where it 
is required. The heating of the surrounding mate- 
rial which is avoided by this means, is not only 
of no practical value but may also have a most 
deleterious effect on the quality of the weld, since 
it may cause oxidation and other undesirable 
chemical and physical changes. l 


The method of interrupting the flow of ie welding ` 


current periodically signifies an important 
advance in this method of welding, as compared 
with a non-periodic interruption. In the first place 
it has led to a marked speeding up of welding, and 
secondly it has enabled such metals as stainless steels 
and aluminium alloys to be welded satisfactorily. 
In some cases it may be necessary to restrict the 
passage of the current to a few hundredths of a 
second, in other words to a few cycles of the alter- 
nating current, and it is evident that to give a 
satisfactory uniform weld a circuit breaker capable 
of performing this duty must operate in per- 
fect synchronism with the mains supply 
and permit of such accurate adjustment that the 
intervals between the opening and closing of the 
associated circuit can be maintained absolutely 
constant: With the short times of current flow 
involved here, a difference of half a periode (0,01 
second) either way is already sufficient to produce 
a marked alteration in the amount of heat pro- 


duced. Furthermore, as the primary current of . 


the transformer is several 100 amps (the secon- 
dary current being 1000 to 10000 amps at 3 to 
10 volts), it is apparent that a mechanical device 
is quite impracticable, especially as it would be 
exposed to the most severe wear. 

A more satisfactory and more efficient method 
for the synchronous opening and closing of the 
circuit is obtained by means of relay valves. 
These are gas-filled hot-cathode rectifiers with 
control grid; the ignition voltage of such valves 
can be adjusted by means of the grid voltage, 
as shown by fig. 1, the characteristic for Philips 
relay valve DCG. 5/30: It will be noticed that at 
positive grid voltages exceeding 12 volts the 
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ignition voltage is low («100 volts), whereas in the 


case for instance of —2 volts grid voltage the 


valve ignites only at 11000 ‘volts -anode voltage. 
These relay valves render it possible, by means 
of certain circuits (see below) to close the current 


* 
SOUS 


hy 
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Fig. 1. Characteristic of Philips Relay Valve type DCG 5/30: 
Ignition voltage as a function of grid voltage. 

Principal data: Max. peak inverse voltage 12000 volts 

. Max. anode current peak value, 25 amps 


Max. anode current mean value, 6 amps 


for any desirable number of cycles (x = 1, 2, 3, ...) 

and to open it for any other number of cycles 

(y = 1, 2, 3, ...), and this sequence x+y to be 

repeated periodically. The values of x and y can 

be varied independently of each other within 

wide limits. The principal advantages of a timing 

device of this type are: 

l. Absence of all moving bus revolving parts, 
no wear or noise; ~ 

2. Perfect synchronism with the mains supply; 

3. Ready and instantaneous regulation of time 
intervals x-and y; 

4. The value of x can be reduced to a single cycle 
(0,02 second); 
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5. Uniformity in operation in any setting when 
once made. 

Fig. 2 shows the various circuits making up ilie 
timing device, and which consist essentially of: 
the three following: 

A. The oscillating circuit; 

B. The time-delay circuit; 

-C. The interrupter circuit; 
thése circuits are also shown separately and: 
slightly simplified i in figs. 3, 7 and 5. 

The primary circuit of the welding transformer 
(T, fig. 3) includes the primary winding of a: 
transformer (T,), whose secondary winding is 
connected to the cathode and anode of a relay 
valve (M,). Transformer T, serves for heating the 
cathode of valve M4. When the potential difference 
between the grid and the cathode of M, reaches 
such a value that the valve passes current, trans- 
former T, is shorted !), practically the whole of 
the mains voltage is applied across the terminals 
of T, and welding takes place. The grid of M, is 
now given a negative potential sufficiently large ` 
to prevent ignition of the valve: the secondary. . 
circuit. of T, remains open, and only the weak 
magnetising current flows through the primary 
circuit; the welding current is then practically zero. 
A grid potential of —V, volts (e.g. derived from a 
battery) is sufficient to prevent ignition of -the 
valve. What potential difference must be applied 
to the grid between the points l and 2 (fig. 3) 
so that the primary current can flow for a single 
cycle (x—1) and be cut off for y cycles (y, being 
integral)? It follows from the above that this is 
obtained by imparting to the grid a positive po- 
tential impulse every (l--y) cycles, at the instant 
the anode becomes positive with respect to the 
cathode. We therefore require a potential of the 


1) This applies only for one direction of the secondary cur- 
rent, but for the primary current this has practically 
the same effect as a complete short-circuit (cf. e.g. P. 
Lenz, Archiv für Elektrotechnik 27, 497, 1933). 


Fig. 2. Circuit - diagram of . timing 
device for seam welding. 
CE, = Welding transformer. 


B — 
C - Interrupter circuit (see fig. 3). 


A 
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A = Oscillating circuit (see fig. 5). 
Time-delay circuit (see fig. 7). 
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form shown in fig. 4, i.e. an alternating voltage 
with a fundamental frequency 1/(1--y) times the 
mains frequency. Such demultiplication 
of the frequency may be conveniently ob- 
tained by means of relaxation oscillations ?), 
` which brings us to the oscillating circuit shown 
in fig. 5. 

A small relay valve (M,) of low output is con- 
nected in parallel with the condenser C,, which 


A 
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Fi fig. 3. Interrupter circuit (cf. «cn in 2 fg. 2) 
Welding transformer. 


T, — Series-transformer. 
T, = Filament heating. transformer: 
M, = Main relay valve. 


' Grid (1) is negative with respect to cathode (2): the anode 
current of the valve i is blocked and only no-load current flows 


through the primary circuit of T,. Grid (1) is given a potential: 


causing ignition of the valve: transformer T, is shorted and 
practically the whole of the mains voltage is applied across 
the welding transformer Tj. 


‘is slowly charged from a source of direct current 
through a high resistance R, after the circuit is 
closed by the. switch; the anode voltage, which is 
equal to the condenser voltage, therefore increases. 
As the potential of C, increases, there is a decrease 
of the voltage drop at R,, which drop serves as 
negative grid voltage for valve M,; after a certain 


time the valve ignites, the condenser is rapidly | 


discharged through the valve and the small resis- 
tance r. This cycle then starts all over again: A free 
relaxation oscillation of this type has a frequency 
proportional to 1/R,C,, although it can be very 
readily synchronised with a higher or lower har- 
monic of any other frequency introduced into the 
system. This is illustrated in fig. 6: anode and con- 
denser voltage with respect to the cathode K show 
an exponential trend (A, C). The trend of the 
critical grid voltage (dotted line g) has been de- 
duced from this by means of the characteristic, i.e 
the grid voltage required for ignition at the anode 


2) C£ eg. B. van der Pol, Phil mag. 2, 978, 1926, 
and B. van der Pol and J. van der Mark, 
Frequency Demultiplication, Nature 120, 363, 1927. 
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voltage in question. Actually the grid voltage G 


.consists of the voltage-drop across R, (Va) with 


the superimposed A.C. voltage Vs. Ignition takes 
place the moment the actual grid voltage exceeds 
the critical one, i.e. at the point of intersection of 
the curves G and g. As this point of intersection 
will always be situated near the peak of Vs, only 
such conditions will, occur at which anintegral 
number (1, 2, 3 ...) of cycles of the frequency of 
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Fig. 4. Required voltage waveform between terminals 1 and 
2 (fig. 3) in order to obtain welding-spots during a single 
cycle at intervals of y cycles. 


the synchronising voltage elapses between two suc- 
cessive: ignitions. The frequency of the free relaxa- : 
tion oscillation will therefore adapt itself to that 
of the adjacent lower harmonic -(1/1, 1/2, 1/3 ...) 


‘of the imposed mains-frequency. It is, for instance, 


sufficient to apply to the grid circuit a low-voltage 
50-cycle alternating current (fig. 5) in order to 
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Fig. 5. Oscillating circuit (simplified) (Cf. “A” in fig. 2). 
i Variable condenser. 


R, = Charging resistance. 

r = Discharging resistance. 

M, = Relay valve. s 
T, = Transformer to furnish a potential of mains - 


frequency at the grid of M,. 
Valve M, is ignited with a frequency which is a sub-harmonic 
of the mains frequency. The degree of frequency demultipli- 
cation is determined by the product C,R,. Circuit C,R, permits 
the phase displacement to be varied between the relaxation 
oscillation obtained and the mains. 


limit the possible frequencies of the relaxation. 
oscillations to 50, 25, 162/,, 121]; and 10 cycles, etc. 
If to the capacity of C, values are given at which 
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the free relaxation frequency would be in the neigh- 
bourhood of these fractions of the mains frequency, 
a current impulse will flow through the resistance 
r (fig. 5) every 2, 3, 4 or more periods of the mains 
supply. The potential at r, combined with the 


: Lu" 
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Fig. 6. Diagram of a free relaxation oscillation synchronised 
with a lower harmonic (in this case !/,) of an imposed A.C. 
voltage. 


battery voltage —N à then fluctuates as shown in 
fig. 4. The condenser C, and resistance R, (fig. 5) 
permit the phase displacement between the mains 
voltage and the grid potential of M, to be adjusted 
in such a way that M, is ignited exactly at the 
instant the anode of M; becomes positive. The phase 
displacement requires adjustment only once and 
remains constant. 

By connecting terminals 1 and 2 in fig. 5 with 
terminals 1 and 2 in fig. 3, an arrangement is 
obtained which allows current to be passed through 
the associated circuit for one single cycle at inter- 
vals of 2, 3, 4 or more cycles. For some purposes 
this duration of current flow may be too short, 
and one would like to be able to prolong it as 
required to 2, 3, 4 or more periods, retaining at 
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Fig. 7. Time-delay circuit (simplified) (cf. “B” in fig. 2). 
This circuit which is made up of a variable condenser C,, a 
resistance R, and a valve V,, serves for prolonging the interval 
during which welding current is flowing. 


the same time a suitable interval with no current- 
flowing. This can be readily achieved by inserting 
a time-delay circuit between the circuits 
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C and A in figs. 3 and 5, which will prolong as re- 
quired the time the positive impulse is applied 
to the grid of M,. A circuit of this type is shown 
in fig.7; it has a condenser C, in parallel with the 
resistance r (fig. 5) which is charged the instant 


Fig. 8. Front view of apparatus. 
On the left is the knob for con- 
trolling the “on + off” cycle 
(x+y) which is variable be- 
tween l and 75 periods of the 
50-cycle current, and on the 
right the knob for controlling 
the “on” interval (x); in the 
middle at the top is a pilot 
lamp, and below the switch 
for the auxiliary circuits. 


the valve M, becomes ignited and is discharged 
slowly through the high resistance R, (a rapid 
discharge of C, through r is prevented by the valve 
Vo). By increasing the capacity of C, (or the resis- 
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Fig. 9. Interior view of apparatus. Below, the series-trans- 
former (T;). on the left at the top the condensers and a step 
switch. The valves are on the right hand side behind the par- 
tition. 


tance R,) the interval during which the grid of 
M, remains positive with respect to the cathode 
can be increased as required, this interval corres- 
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Fig. 10. Oscillograms of the primary current: Circuit closed 
for x cycles, and opened for y cycles. 
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ponding to the number of cycles x the welding-current 
flows. The apparatus thus has two control knobs 
by means of which the capacities of C, and C, 
can be varied: With C, x is adjusted and with C, 
the whole sequence x+y. 

Returning to the complete diagram (fig. 2), 
which incorporates the individual circuits shown 
in figs. 3, 5 and 7, it is seen that the batteries in 
the latter have been replaced by rectifiers (valves 
V, and V,) which are provided with condensers 
for smoothing the rectified voltage. The apparatus 
is protected against the high tension of the trans- 
former T, on the one hand by earthing the cathode 
of M,, and on the other hand by the fuse F and the 
the rare gas cartridge G (fig. 2). In the event of 
a short-circuit between the grid and anode of 
valve M,, the cartridge G ignites and blows out 


the fuse F, thus disconnecting the valve from the 


rest of the circuit. 

An apparatus of the type described here is shown 
in figs. 8 and 9. The controls referred to above 
are mounted on the front panel. Transformer T, 
is accommodated in the lower part of the housing, 
and the relay valves M, and the auxiliary circuits 
in the top part. A number of oscillograms of the 
primary current obtained with this apparatus are 
reproduced in fig. 10; it is seen that there is per- 
fect periodicity in the opening and closing of the 
circuit in synchronism with the mains supply. 
These curves also show that a wide variety of 
settings can be obtained with this apparatus. 

The above description brings out the many 
practical advantages of a relay-valve timing cir- 
cuit as compared with mechanical devices. 


> 
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AN EXPERIMENTAL TELEVISION TRANSMITTER AND RECEIVER 


By J. VAN DER MARK. 


Summary. On the occasion of the erection of a television transmitter at the Philips 
Laboratory, some of the main principles of modern television are discussed. The circuit 
and components of a modern television transmitter and receiver are described with special 


reference to the Philips experimental unit. 


. Principle of Television 


‘The human eye is a very complex and sensitive 
organ, whose optical mechanism functions briefly 
as follows: The crystalline lens of the eye produces 
an image of the field of view on the retina which 
is made up of a very large number of minute 
lightsensitive cells. Each of these cells through 


its own nerve filament communicates to the brain 


the stimulus it receives from the amount of light 
falling on it, and from the sum-total of the stimuli 


received by it the brain builds up the'i ange: seen 
by the eye. ' 


. In the. human eye Nature das provided us with 
the basic principles of television fully worked out; 
also in televising the area of the picture to be 
transmitted is: resolved into a large number of 
small elements or cells -(fig. 1). Each of these 
elements is given a number and the light value 
of each element is.telegraphed to the receiver in 
sequential order. Exactly as at the transmitter, 
the picture surface at the receiver is also resolved 


. into elements which are numbered in the same 
` way, and each element.is given the light value 


telegraphed for.its particular number. In this way 


Fig. L. ` Principle of television. The surface of the picture to 
be televised is resolved into a number of small elements which 
are numbered in succession. The brightress of each individual 
element is telegraphed. At the receiver where the picture 
surface is subdivided into similar elements each element is 
given the brightness transmitted for its respective number, 
so that: the received picture UN reproduces the original. 


the picture reproduced : at the receiver is the same 
as that transmitted by the sender. 

In the eye every element of the picture in the 
transmitter (cell of retina) has its.own conductor 
(óptic nerve filament) to the receiver (brain), 


and the light values of all elements are telegraphed 
simultaneously. In television this simultaneity natur- 
ally cannot be effected, as only one conductor (a single 
carrier wave) is available for all picture elements, 
so that the separate light values must be tele- 
graphed in succession. In consequence television 
technique is rather complex, as may be exemplified ` 
by a simple calculation. To obtain a picture of 

satisfactory quality, the area of a picture mea- 

suring 44.8 in. must. be resolved into about 

40000 elements. In televising moving pictures, it 

is necessary, as in cinematography, to send a suf- 

ficient number of pictures per second, at least 25, 

in order to produce a connective image on spec- 

tator’s eye. Thus, only 1/25th of a second is avail- 

able for the transmission of each picture, in other 

words each second the light values of 25 x 40000 = . 
1,000,000 elements of the picture must be tele- 

graphed 1). , 


Conversion of a Picture into a Modulated Radio 


Wave. Resolution of the Picture into Elements or 


Cells 


Both at the transmitter and receiver the picture 
is resolved into a series of elements or cells by 
“scanning” it with a beam of electrons furnished 


_ by a cathode ray tube. The scanning spot at which 


the electronic beam strikés the surface of the 
picture describes a path on this surface of the 
type shown in fig. 2. This path is made up of a 
series of nearly horizontal lines packed close 
together, the beam passing over these lines in 


1) This is aptly brought out by the following example: For 
some years facsimile and picture telegraphy has enabled 
pictures to be transmitted by telegraphy, the, trans- 
mission of a single picture taking from 10 to 20 seconds 
or even longer. In the Melbourne Air Race in October, 
1934, a film was made of the arrival of the winners at 
Melbourne and was transmitted to London. This short 
film, which was on exhibition at London cinemas on the 
same day already, took a 3/, minute to project, while the 

. time of transmission from Australia.was about 6 hours. 
: In television the same: transmission must be completed 
in a ?/, minute. : 
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succession. When the beam reaches the end of 
one line, it jumps to the beginning of the next line, 
scans it in exactly the same way and so on over 
the whole picture, until it arrives at the end of the 
last line. Then it flies back to the beginning of the 


= 
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Fig. 2. The numbering in fig. l is replaced by "scanning" 
the picture in a definite sequence. The path of the scanning 
spot shown here determines the order in which the various 
elements are telegraphed. 


first line and goes through the same sequence of 
operations again. During scanning, the scanning 
beam’ measures the brightness of each element 
of the picture as described in the next section. 
The beam is guided along its scanning path by two 
‘voltages which deflect the beam to varying degrees 
simultaneously, each voltage fluctuating with 


a saw-tooth voltage-time diagram as shown in^ 


fig.3. The slow voltage controls the scanning 
motion in the vertical direction with a frequency 
equal to the number of pictures per second, while 
the fast voltage controls the motion in the horizon- 
tal direction with a frequency equal to the product 
of the number of pictures per second and the number 
of lines in the picture. ; 
.. In order to reassemble the picture at the receiver 
from the elements in the same manner, as it was 
resolved at the transmitter, the electron beam 
,in the cathode ray tube of the receiver must at 
every moment occupy exactly the same position 
relative to the picture as the electron beam of the 


_ transmitter, i.e. the scanning sequence in the 


receiver and transmitter must be completely syn- 


chronised. This is realised by means of two distinct 
types of synchronising signals which. are radiated 
from the transmitter at the end of every line and 
each picture respectively. We shall return to this 
point later. : ' 

The modulation of the light value when.scanning 
a horizontal line may be regarded as equivalent 
to a resolution into a definite number of elements. 
If the picture is a square and has the same sharpriess 
both horizontally and vertically, the number of 
these elements must be equal to the. number of 
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lines N in the whole picture. Usually rectangular 
pictures with sides in a ratio of 6:5 are televised?). 

The total number of elements in the picture is then 
1.2 N?. The number of picture elements to be 
transmitted per second, which determines the max- 


t 
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Fig. 3. Composition of the two motions of the scanning beam. 
A deflecting voltage with a saw-tooth time diagram controls — 
motion along each line (left), while a similar voltage (right) 
N times slower (N being the number of lines in the picture) 
controls the beam motion in such a way that it does not 
incessantly scan the same line but passes along the N lines 
in succession and then flies back to'its starting point again. 


imum modulating frequency of the radio wave 
required for televising the picture, is then 30 N? . 
with a picture frequency of 25. In this way very 
high frequencies are soon réáched. Since an alter- - 
nating current of p cycles per second -already cor- 
responds to 2p alternations per second of light 
and dark, the required modulating frequency can 
be halved, so that with 180 lines the maximum 
modulating frequency is 500,000 cycles and wath 
450 lines 3,000,000 cycles. 

As already stated, television signals are trans- 
mitted in the same way as microphone signals in 
broadcasting by modulation of a carrier wave 
whose frequency must be considerably higher than 
the modulating frequency. For televising it is 
therefore necessary to use a carrier wave in the 
ultra short-wave range between 7 and 5 metres. 

This very short wave, however, has a particular — 
drawback. Contrary to broadcasting waves. of 
several 100m in length these waves do not propa: 
gate along the curved surface of the earth. They 
can therefore only be received within a radius 
which barely exceeds the distance at which the 
transmitting aerial is still in sight of the receiving 
aerial ?). To make this area as large as possible, the 


2) This is the usual size ratio of sound-film pictures. ` 

8)* Recently these waves have been detected for short inter- - 
vals also at greater distances, but reception has been so 
patchy that satisfactory transmission to points beyond 
the visible horizon is quite impracticable. 
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aerial must be suspended from very high masts. 
In the case of the transmitter at Eindhoven, the 
primary aim has not been to obtain a range of 
reception as large as possible; the aerial has there- 
fore only been made about 150 ft. high and is fixed 
to a small. mast on the roof of one of the works 
buildings. The Eindhoven transmitter operates on a 
wave-length of about 7 m and has a maximum 


output of about 400 watts; it has been designed . 


for a maximum modulating frequency of. about 
3,000,000 cycles and can therefore televise pictures 
of the finest screen yet attained. 


Conversion of Light Values into Voltages with 
the Iconoscope ` 


How are the light values, registered by the 
electron beam on scanning the picture elements, 
converted into a modulating voltage? The. ap- 
paratus here used for this purpose, is the iconoscope 
which was developed by Zworykin. It here 
fulfils the same function as the human eye in the 
' seeing mechanism. 

This apparatus (fig.4) consists of a cathode 
ray^tube, which, in addition to the usual hot 


cathode, the anode and the deflector system in part K, 


also has a photo-electric plate P prepared in a 
'special manner mounted in place of the usual 


fluorescent screen. The picture to be televised 


is projected on to this plate by means of an ordi- 


nary photógraphic lens. The whole arrangement, 


comprising the iconoscope-with the attached op- 
tical system for projecting the picture on the plate 
P, may be termed a “television camera”. Plate P, 
which may be regarded as the retina in the eye 
of the transmitter, is made of very thin non-con- 
ducting material (cf. fig. 4), which has a unifor- 
mily-distributed mosaic of.‘separate cells in the 
form of drops of metal on the illuminated side. 
These cells are insulated from each other and have 
. photoelectric surfaces. The number of these cells 
is so great that several fall within the area covered 
by the scanning beam. On the back the insulated 
plate P is covered with a continuous conducting 
layer, which with the metal cells on the, upper 
surface forms a corresponding number of minute 


condensers from which current can be taken at. 


the outside. ? 

` As soon as the scanning spot strikes a cell, the 
latter acquires a negative charge from the beam 
up to a certain maximum value; this means that 
the associated condenser gets a definite potential. 
The beam now moves onward and only returns 


to.this cell again after having scanned the whole. 


picture. In the meantime, the photo-electric cell 
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emits photoelectrons under the action of the in- 
cident light and thus looses a part of its charge, 
this diminution being proportional to the light 
value of the picture at the respective point. When 
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Fig. 4. The iconoscope. In a cathode ray tube which contains 
the usual components in part K (hot cathode, anode and de- 
flection systems), the fluorescent screen is replaced by a 
photo-electric plate P (the *retina") prepared i in a special way, 
on to which the picture to be televised is projected. 


the scanning spot again reaches the cell, the latter's 
depleted stock of electrons is immediately replenish- 
ed until the same maximum charge is restored 
as it possessed at the outset. At the instant this 
occurs, a charging current proportional to the: 
brightness of the picture at this particular point 
flows from the outside to the condenser. À poten- 
tial is hence produced at the resistance R (fig. 4) 
in the external circuit of the iconoscope which at 
each instant is proportional to the light value of 
the various picture elements in the sequence they 
are scanned. This potential is now amplified and 
serves for modulating the radiated carrier wave. 
The great advantage of the iconoscope as com- 
pared with other systems, such as for instance 
Nipko w's disc, is its high sensitivity: while in 
other cases the brightness of each picture element 
must be measured in the extremely short period the 
scanning spot is in contact with the element, in 
the iconoscope the light at each such point can act 
as a stimulus during the far longer period between 


successive scanning moments and the effect produced 


is stored as an electric charge in the individual con- 
densers. Only by means of this enormous gain in 
sensitivity is it at all possible to televise ordinary 
daylight scenes without spotlights, etc. 


Films are transmitted by a somewhat different © 


process, as here a sufficient interval must be 
provided to. allow for the motion of the film. To - 
enable the television camera designed for out-door 
scenes to be used without alteration also for films, 
the film is only illuminated during the period of 
the synchronising impulse at the end of each picture 


v. 
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Fig. 5. Circuit diagram of television transmitter (simplified). In the top left hand 


corner is the oscillator which generates the line impulses of 25 x 180 — 4500 cycles^ 
(with 450 lines in the picture this value would be 25 x 450 = 11250 cycles). In the 
stages immediately below, this frequency is demultiplied until the picture frequency : 
of 25 per second is reached. From these two types of impulses the line and picture 
synchronising signals (rectangular voltage wave-form) are generated in circuits 
L and B respectively. These have firstly to synchronise the two relaxation voltage 
units which control the movement of the iconoscope scanning beam, and secondly 
. they are amplified in As and used for modulating the carrier wave generated by the | 
oscillator in the bottom right hand corner. The voltage fluctuations furnished by the : 
iconoscope are amplified in the video-frequency amplifier Av and also modulated ^ - ; vom 
on the carrier wave. A is the last amplifier for the modulated carrier wave. 


scanning cycle. As the film also can be illuminated 
with a greater light intensity according to require- 
ments, the short period of illumination is not a 
drawback. For the same reason, however, the ico- 
noscope offers no pronounced advantage in this 
case. 


The Transmitter. Synchronising Signals 

We shall now briefly review the circuit and 
components of the television transmitter. In the 
first place the voltages for the synchronous control 
of the scanning beams must be generated. 

- An oscillator (in the left hand top corner of the 
diagram in fig. 5) generates relaxation oscillations 


of line-frequency, ie. 25 N (thus with N = 180, 
a frequency of 4500 cycles). This frequency is 


. demultiplied in successive stages until the picture 


frequency of about 25 cycles is obtained. Frequency 
demultiplication is very simple with relaxation 
oscillations 4). l i a 
The line and picture impulses ?) generated do not 
yet possess the voltage wave-form required for the 
synchronising signals, but these signals: can. be 


4) The properties of relaxation oscillations, particularly 
for frequency demultiplication, have for some years been 
the subject of close investigation in this laboratory. Cf.e.g. 
B. van der Pol, Phil. Mag. 2, 978, 1926, and B. van 
der Pol and J. van der Mark, Nature 120, 363, 
1927. 


5) In televising films, the frequencies of the line and picture 


impulses generated must also be in-a fixed ratio to the 
frequency of the local mains supply, as in film projection 
a mains-fed synchronous motor is usually employed. The 
picture synchronising signal. (period of illumination) must 
always coincide with the moment the film is stationary. 
This supplementary synchronising with the mains will 
not be further discussed here. 


obtained quite simply from them, exactly as they. 
have to be modulated on the radiated carrier wave: 
These signals are right-angled voltage impulses 
of specific duration. The duration. of the signal 
for each line is about 5 per cent of the time required’ 


. for scanning a line; the synchronising signal for. 
each picture is equal to the: scanning time of - 


several lines. As a result a: width of several lines 
is lost at the bottom of the picture; but even if 
hence say only 170 lines are contained in the 
visible picture instead of 180, we must still take - 
N=180 when calculating the line frequency: -` 


Control of Scanning Beam l el 
Each of the two: synchronising signals controls ` 
one of the relaxation voltage units, which together 


provide the components for controlling the motion `` `- 


of the scanning beam as already shown in fig. 3. 
Each voltage unit consists essentially of a condenser 
which is charged by a constant current (thus giving 
a potential which iricreases linearly with the time), 
and a discharge tube which is ignited by the corres- 
ponding synchronising signal so that the condenser 
is discharged (the potential rapidly drops to zero). 
The potential generated is applied to the deflecting 
system of the cathode ray tube and causes the 
scanning beam to move to and fro in the manner 
required. i = 

While with Nipkow’s disc, the number of lines’ 
in the picture is invariable, as it is equal to the 


“number of perforations in the disc, it is com- `` 


paratively simple ‘with the iconoscope to adapt 
a transmitter for televising different numbers of. 


0 


E 


lines per picture. To do this it is only necessary 


to alter the velocity of the component motions 
of the scanning beam by adjusting the relaxation 
voltage units and the synchronising signals. It is 
proposed to modify the transmitter, which is now 
under test, on these lines at some later date and 
to carry out experiments with the various systems 
of transmission. ni 

In the iconoscope the photo-electric plate (the 
picture surface) is at an angle to the scanning beam, 


‘so that the picture can be projected vertically on it 


(see fig. 4). This requires certain additional cor- 


rections in the relaxation voltages generated in 
order to scan properly the picture with the electron 
beam. : 


' 


Amplification of the Modulated Voltage 


. The small voltage fluctuations furnished by the 
iconoscope must be amplified before they can be 
modulated on. the .radiated carrier ` wave. The 

“video-frequency” amplifier provided for this pur- 
pose (Ay in fig. 5). has to peor a far more diffi- 
cult task here than the “audio- -frequency” * m- 
plifier’ commonly used for sound produces in 
broadcasting. For while in ‘television the ‘voltage 
wave-form at the receiver must be exactly similar 


‘to that at the transmitter, in broadcasting if we 
' regard: the modulating ‘voltage as resolved into all 


its component frequencies (its Fourier spectrum) 
the various frequencies are permitted to reach the 


. loudspeaker with a larger or a smaller phase dis- 


placement: in music we are unable to detect dif- 
ferences in phase. In television, however, a phase 
displacement of the component frequencies would 
completely destroy the original voltage wave-form 
and fluff the picture received. It follows therefore 
that the transit times of each frequency through 


` the amplifier must be equal within certain limits. 


The frequencies in question here cover a spread 
from a few cycles to more than 3000000 cycles, 
as already calculated above. Again in this respect 
there is a radical difference to ordinary radio am- 
plifiers, as in broadcasting the highest modulating 


` frequencies do not exceed 5000 cycles. 


By using various special.circuits it has been pos- 


sible to construct amplifiers which satisfy the ` 


above requirements for televising 25 pictures per 
second and 450 lines per picture. The voltages 
amplified in this way, together with the synchron- 
ising signals amplified separately by Ag in fig. 5, 


` are now used for modulating the carrier wave. The 
radidted signal is of the form shown in the right 


hand top corner of fig. 5, where 1 corresponds toa 


. line in the picture. 


- 
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In addition to the components already mentioned 
the transmitter is also equipped with a number of 
auxiliary units, such as oscillographs to control 
the relaxation voltages, and for further control of 
the modulated voltages a receiver in which .the 
radiated picture is reassembled. Sound is radiated 


by a separate apparatus on an adjoining wave 


length, which facilitates tuning of the receiver. 


: Reference to these points must be dispensed with 


here. 


The receiver 


In the receiver (circuit shown in fig. 6) a picture 
has to be reassembled from the incoming signals. 
This is done in a cathode ray tube B of which a 
modified form has already been met with in the 
television camera. The tube in the receiver is, how- 
ever, of the standard form as employed in cathode 
ray oscillographs, i.e. with a fluorescent screen F 
on which the electron beam inscribes the image 
in the’ usual ,way. "This beam ‘is again controlled 
by two relaxation voltage units in the same way 


‘as in the transmitter,.so that the light spot-on the 


screen describes a path as shown in fig. 2. At the 
same time the intensity of fluorescence is varied. 
by modulating the intensity of the scanning beam 
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Fig. 6. Circuit diagram for television receiver. The television 
signals received and rectified at the receiver E are amplified 
in the video-frequency amplifier Av and applied to the 
cóntrol grid of the cathode ray tube B, after the synchronising 
signals have been filtered out in As by means of their particular 
amplitude. In the two filter circuits Z the (short) line and the 
(long) picture synchronising signals are separated from each 
other and passed to the respective relaxation voltage units 
which control the motion of the scanning beam. The picture | 
is produced on the fluorescent screen F. 


by means of a control grid which functions in 
exactly the same way as the grid in a radio valve. 
The incoming picture signals are applied to the 
control grid, so that the brightness of the fluorescent . 
spot fluctuates with the variations in light value 
registered on the original picture by the scanning 
beam of the transmitter. In this way the same 
picture as transmitted is reproduced on the fluores- 


cent screen ê). 


“The received signals are amplified by a “ideo: 


6) "The cathode ray tube will shortly be the subject of further 
separate articles in this journal. 
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frequency amplifier (Ay) similar to that used in 
the transmitter. They also include the synchron- 
ising signals which here have to maintain the dis- 
placements of the scanning beams of the receiver 
and transmitter in perfect synchronism. These 
signals have been modulated on the carrier wave 
in a certain manner, so that they can be separated 
from the picture modulation by an amplifier (As) 
responding to specific amplitudes only. Exactly 
as in the transmitter, the saw-tooth motion of the 
receiver scanning beam (fig. 3) is obtained by 
means of oscillating circuits, which generate the 
requisite type of relaxation oscilla:ions having a 
frequency which in unconstrained vibration is 
already close to the required frequency and which 
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is corrected to obtain the right rhythm by the 
synchronising signals which come in at regular 
intervals. By using two filter circuits (Z), of which 
one responds to only short potential impulses and 
the other to only long impulses, the (short) line- 
synchronising signals can be separated from the 
(long) picture-synchronising signals and passed 
separately to the corresponding relaxation voltage 
units. 

Receivers constructed on these principles were 
evolved some time ago in this laboratory and have 
operated with complete satisfaction. Fig. 7 repro- 
duces two photographs of televised pictures (180 
lines) which show the quality of reproduction 
already here attained. 


Fig.7. Two television pictures (180 lines) produced with the new television plant at this laboratory. 


a) An out-door scene (without artificial lighting). 


b) A studio-portrait. 
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THE LOUDSPEAKER AND SOUND-AMPLIFYING INSTALLATION ON THE T.S.S. 
*NORMANDIE" 


Fig. 1. Watertight loudspeakers on the fore-deck. 


With the steady perfection in the efficiency of 


microphones, amplifiers and loudspeakers in 
recent years, sound-amplifying installations have 
come more and more into favour for the transmission 
of speech and music and their amplified repro- 
duction without loss of naturalness. 

Installations of this type have recently also been 
carried out in ships. For the TSS. *Normandie", 
Philips has evolved and constructed a very com- 
prehensive loudspeaker and sound-amplifying in- 
stallation, a description of which will give some 
idea of what has already been achieved in this 
direction. 

Seventy-four distributed 


loudspeakers are 


throughout the vessel. These are of watertight 


(fig. 1), 


protected against sea-water and rain by the add- 


construction where necessary being 
ition of weatherboards which in no way affect 
the radiation of sound. 

In the passenger saloons the loudspeakers are 
installed as inconspicuously as possible; in fact 
in the Ist Class saloon it is almost impossible to 
detect that the gilt rosette over the escutcheon 
at the entrance hides a loudspeaker horn (fig. 2). 
In the Ist Class smoking saloon, the loudspeakers 
are fixed behind a lamp over the upright wall 
fittings (fig. 3); in the winter garden the loud- 
speaker is recessed in the wall under the clock 


(fig. 4), while in the dining room the speakers are 


hidden from sight in the ceiling panels. At all 
points where “acoustic reaction" is likely to cause 
interference (i.e. the sound radiated from a loud- 
speaker can again be picked up by the transmitting 
microphone) when broadcasting speeches and 
addresses, etc., the particular loudspeakers likely 
to cause trouble can be switched off. 

The loudspeaker installation on the TSS. “Nor- 
mandie" is designed for the following purposes: 

Transmission of musical programmes by the 
ship's orchestra. 

Transmission of gramophone records, e.g. organ 
music for religious services in the chapel. 

Transmission of speeches and news. 

Transmission of radio programmes. 

Transmission of religious services in the chapel 
to other parts of the ship. 

Transmission of orders from the bridge to the 
passenger decks in the event of accident or 
danger. 

For the transmission of music and speech, 
microphones are installed in the chapel, the Ist 
Class dining saloon, the large 1st Class saloon, the 
theatre, in the grill room and on the bridge. The 
bridge microphone has precedence over all other 
microphones, the captain being always in a position 
to address every one of the 2000 passengers from 
the bridge. Oral communications regarding landing 
arrangements, explanations of delays, notices of 
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festivities, etc., can now be transmitted to all 
passengers from the bridge much quicker than by 
the method employed hitherto of posting up notices 
at various points in the vessel. Loudspeakers are 
also provided on the boat deck, so that orders 
and instructions can similarly be issued during 
boat drill. 

Should the space available in the chapel be 
insufficient to accomodate the whole of the con- 
gregation, arrangements can be made for the 
Tourist Class passengers to remain in their saloon 
and receive the service through the medium of 
the loudspeakers installed there. These speakers 
are connected to the microphone in the chapel 
through one of the amplifiers. 

The theatre which has 400 seats is not large 
enough to accommodate all the First Class pass- 
but with the aid of the loudspeaker 


engers, 


Fig. 2. Ist Class saloon, with loudspeaker built in over the 
entrance. 


installation it is possible to transmit theatrical 


productions, musical recitals and other stage 
productions to all those passengers unprovided 
with seats. 

The ship’s orchestra plays alternatively in the 
dining room and in the grill room, both of which 
are provided with microphones; the grill room can 


moreover be converted for dancing. For the 
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reproduction and transmission of gramophone 
records, a playing desk with two turntables in a 
cardan suspension is provided so that the records 
remain perfectly horizontal also during the rolling 
of the vessel. 

To ensure maximum reliability and continuity 


Fig. 3. Ist Class smoking saloon, with loudspeakers built 
in over the entrance. 


in the functioning of the whole equipment, all 
essential components, such as the amplifiers and 
the 3-kw D.C.-A.C. converters, have been dupl- 
icated. In addition to the two principal amplifiers, 
each of 350 watts output (the output can be 
reduced to 175 watts by cutting out two of the 
four last-stage valves), two smaller amplifiers, 
each of 20 watts, are also provided. 

The 74 loudspeakers of 6, 10 and 20 watts are 
rated for 680 watts at full load. As a rule the 
loudspeakers will not be run all at the same time 
or all at their maximum power (the volume of each 
loudspeaker can be adjusted independently); a 
reduced amplifier output, e.g. 350 watts + 175 
watts or 350 watts, will then prove sufficient to 
feed all speakers in operation. One of the 20-watt 
amplifiers is sufficient for transmitting a service 
in the chapel to one of the Tourist Class or Third 
Class saloons. By means of a switchboard in the 
amplifier room (see fig. 5), the 40 loudspeaker 
circuits terminating at the board can be connected 
to the 4 amplifiers (fig. 5, b, d and e) in various 
ways as required. 

A simplified circuit diagram of the installation 
on the TSS. *Normandie" is shown in fig. 6. 

All amplifiers have a maximum output voltage of 
100 volts at normal full load. The cone coils of the 
electrodynamic loudspeakers must be built for a 
and these are therefore 
provided with transformers to enable them to be 
connected to the standard 100-volts supply. 


much lower voltage, 
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Owing to the comparatively high voltage 
and hence the low current intensity in the circuits, 
the voltage losses remain within reasonable limits 
in spite of the great length of the many conductors 
required on this large vessel. A still higher voltage 


Fig. 4. Wintergarden with loudspeaker built in under the 
clock. 


has not been chosen on account of the risk of acci- 
dents and because the capacity of the extensive cable 
system might then adversely affect the quality of 
reproduction. 

When connecting one or more loudspeakers 
to an amplifier, it is necessary to take as a basis 
the principle that the rated consumption of the 
loudspeakers is equal to the rated output of the 
amplifier; furthermore, the total impedance of 
all loudspeakers must be such that they can 
actually take the output of the amplifier. To arrive 
at this adaptation, a number of tappings on the 
secondary winding of the output transformer may 
be useful. As commercial types of loudspeakers 
have very different impedance values, it may be 
very difficult or even impossible in some circum- 
stances to obtain the required total impedance 
by merely connecting the loudspeakers in series 
or parallel. Frequently a number of loudspeakers 
are connected in series in order to avoid excessive 
current intensities and voltage losses. In power 
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current practice complicated circuits of this type 
have long been abandoned, and it is now the 
practice to provide a constant voltage supply 
to which only apparatus rated for this specific 
supply voltage are connected in parallel. 

This method has also been adopted by Philips 
for sound-amplifying installations. The amplifiers 
at complete modulation (i.e. at the highest possible 
voltage of the signal to be amplified) and on full 
load furnish an output of 100 volts. As already 
pointed out above, the loudspeakers are provided 
with transformers with ratios of transformation 
such that on connection to a 100-volt input the 
power absorbed is equal to that rated power for 
which the loudspeakers are built. 

Thus it is unnecessary to sum the reciprocal 
which 
constitute the load, in order to obtain the total 
impedance determining the correct adaptation. 


values of the loudspeaker impedances, 


The problem of correct adaptation is now easier to 
deal with. For if the total rated consumption of 
the loudspeakers, which individually may have 
very different consumption ratings, is made equal 
to the rated output of the amplifier, one is 
assured that the amplifier will really give this 
output. 

If the rated output of the amplifier is slightly 
exceeded by the rated consumption of the loud- 
speakers, this will not cause any appreciable 


Fig. 5. Amplifier room. 


a) Switchboard for the microphone circuits 


b) Two 20-W amplifiers with impedance matching boxes 
below 


c) Switchboard for the loudspeaker circuits 
d) and e) Two 350 W amplifiers. 


reduction in the óutput of the amplifier. Heavy 
overloading of the amplifier is however undesirable, 
since inter alia the voltage drop resulting there- 
from is frequently accompanied by an increase 
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in the current intensity, which in the long run may 
e.g. damage the end-stage valves. On the other hand, 
there is no objection to a subnormal load, as long 


(5143 


Fig. 7. Voltage curves of the amplifier as a function of 
the rated power consumption of the connected loudspeakers. 
The line A-B is for the 350-W amplifier at, full output, and 
A-C for the same amplifier when set for supply of half the 
power. 
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as the voltage does not rise too much that the / 


loudspeakers become overloaded. 
In installations of this type where a fluctuating 
load has to be dealt with, the output voltage must 


not be too closely dependent on the load. This -` 


requirement is met by the Philips 350-watt am- 
plifier as may be seen from fig. 7 where the voltage 
is plotted against the power consumption 'of the 
connected loudspeakers. On no-load thé voltage 


` does not exceed 123 volts, which can do no harm 


to the Philips loudspeakers. In practice it is very 


. unlikely that one loudspeaker only will be con- 


nected to the 350-watt amplifier; besides, the over- 


load of the loudspeaker implied in this case will | 


be audible only. at the loudest passages of the 
music. : 


The permissible maximum load on the amplifier 


is shown in fig. 7 by the points B and C respectively. 


Compiled by N. A. HALBERTSMA. 
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Fig. 6. Simplified circuit diagram of the sound-amplifying installation. 
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HOW DOES A WELDING ELECTRODE FUSE ? 


“VOL. 1, No.1 - 


‘By J. SACK. 


If an arc-welder is asked what he thinks of two 
particular welding electrodes, he will usually 
answer that one welds better than the other. The 
ease or difficulty of welding is closely associated 
with the conditions of fusion at the end of the 
electrode. In this article it is not intended to give 


‘a complete explanation of the conditions of fusion, 


of an electrode, since many aspects of the problem 
are still obscure and form the subject of current 
research. Reference here will be limited to a few 
of the more common methods of investigation now 
being employed for studying this problem. 
The fusion of a welding electrode cannot be 
. followed in detail with unprotected eyes 
merely screened against glare by coloured. glasses; 
‘in fact the formation of drops of metal is only 
` just distinguishable with electrodes which melt. 


slowly and form large drops. The drops are seen . 


to grow, and at the moment of coming into con- 
tact with the molten metal in the pool, they 
` become detached from the electrode and merge 
into the pool. The currents of gas and vapour at 

' the are and thei dazzling light are very troublesome 
when observations’ are made with the naked eye. 
* Observation ` is_` facilitated by projecting . an 
enlarged. i image of.the arc on to a projection 
‘screen, 4 method'"used by Creedy!) in his 
investigations on the influence of the electromagn- 
etic forces on drop formation. It has been found 
that by a considerable reduction in the welding 
current, the rate. of. drop-formation can be decr- 
eased so ‘much that the process can be followed on 
‘the screen. On the other hand, the fusion process 
at these ‘low current intensities. of, say, 5 amps, 


differs fundamentally from that obtained at normal 


currents, e.g 150 amps. In the former case the 
drops detach themselves from the electrode in the 
same way as-water drips from a tap, while i in the 


‘latter case the drops disappear very suddenly . 


with a' more or less loud click. This observation 
-was made in investigations with bare eleċtrodes. 

.The registration of welding conditions on ‘a 
photographic. film, and in particular. by means 
of a slow-motion cine- camera, has constituted 
a marked advance in these investigations. If ‘an 
ordinary type of film is used, the interesting part 


1) F. Creedy, R. O. Lerch, P. W. Seal, E. P. Sordon: 
Forces of electric origin in the iron arc. (Abstract A.LE.E. 
: Paper Nr. 32—41). Electrical Engineering 51, 49, 1932. 


_emanating from the 


of the process, i.e. the formation and separation 
of the metal drops is completely masked by the 


arc. The Chicago Steel and Wire Co?) has there- | . 


fore made use of a special infrared sensitive film 
and a filter only permitting the passage of infra- 
red (thermal) radiation. These rays are mainly - 
glowing metal and the 


incandescent gases and are able to penetrate 


through the cloud of vapour surrounding the arc. 
Pictures were taken at the rate of 60 exposures 
per second, which on projecting at the rate of 
20 pictures per second gave a threefold slowing- 
down of the actual process. This method for the 
first time revealed photographically the transfer 
of material during welding and was applied to all 
types of bare and coated electrodes. In particular 
the influence of the chemical composition and the 
physical properties of the core and coating was 
studied. n 
A short time later Hilpert?) in Germany 
also made film records of the welding arc. His 
apparatus. constructed by’ Thun took 800 pictures 
per second and thus gave a 40- fold expansion of 
the actual time of welding. Precautions to cut out 
the intense glare were, however, omitted, with the 
result that the light- rays from the are strongly 
predominated and the drop-transfer could hardly. 
be followed. Nevertheless these. records have been 
useful. They showed that even with a 40-fold 
retardation, the arc still moved to and fro very 
quickly. The number of pictures per second was 
therefore further increased to a maximum of 4000, 
and the arc and the ambient region no longer 
registered by means of the intrinsic light but as a 
silhouette obtained with a more powerful source 
of light. With these modifications the transfer of . 
material with bare electrodes was studied. In 
addition to photographic registration, the welding 
current, the welding voltage and as a time standard. 
an A.C. voltage of 50 cycles were also recorded by 
means of an oscillograph. In films made at the 
rate of about 1600 to 2400 pictures per second, 
corresponding to.a slowing down of 80 to 120 


times, two types of drop transfer were observed, ` 


Viz. 
^ 


2) Cf. K. Bung: Der Werkstoffübergang i im elektrischen 
. Schweisslichtbogen. Zeitschrift des V.D.I. 72, 750, 1928. - 


3) A. Hilpert: 
bogen. Zeitschrift des V.D.I. 73, 798, 1929. 


Werkstoffiibergang im Schweisslicht- . - 


279 


278 
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l. a thread-shaped transfer, which may be com- 
pared to a narrow stream of metal being poured 
from the molten end of the electrode on to the 
piece of work, and 

2. a 
thick drop of irregular shape moves to and fro 


mushroom-shaped transfer where a very 
and seems to be reluctant to combine with the 
piece of work. 

The French investigator L. Bul1?), also took 
of the 


welding arc. Using heavily-coated electrodes and 


cinematograph pictures silhouettes of 
taking 60 to 80 pictures per second, he observed 
the rapid transfer of spherical drops without any 
short-circuit occurring, such as was usually 
observed with bare and thinly-coated electrodes. 
These pictures were taken with solar rays, a 
heliostat being employed to direct a powerful ray 
of sunlight on to the object being photographed. 

From these methods of direct 
the welding process, we shall turn tothe indirect 
methods which have been devised for the same 
purpose. First of all the method mentioned above 


of registrating the welding current and voltage as 


t) Cf. M. Lebrun: La soudure 
applications (1931), p. 39-44. 


électrique à Tare et ses 
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observation of 
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a function of the time by means of the oscillograph 
should be considered. A short-circuit on drop- 
transfer is indicated in the oscillogram as a voltage 
drop to nearly zero and an increase of the current 
to the short-circuit value. We are primarily int- 
erested in the instant the short-circuit occurs and 
how long this condition lasts. This information 
is not only of value as regards the behaviour of the 
electrodes, but principally as an indication of the 
efficiency of the welding aggregate as a whole. To 
this end oscillograms have been employed to 
determine the intensity of the current-impulses 
and the speed of adaptation of the welding set 
to variations of arc length. 

As already mentioned the oscillograms show 
that in general two periods have to be distinguished 
viz., 

l. thearc-period B, during which the arc burns, and 
2. the short-circuit-period K. 

If the total time of the drop-period is T, (i.e. T — 
B + K). it will be interesting to know the ratio 
B:T or K:T, either as a fuction of the time or as 
an average over a certain lapse of time. A circuit 


where a meter indicates and registers the ratio 


176 


175 


173 


Film exposures recorded by the X-ray cine-camera (cf. p. 29) 
The pictures must always be read from bottom to top. 


Fig. 1. Drop-transfer. The drop is completely enclosed by 
coating material. 

Fig. 2. The melting point of the metal core and the softening 
range of the coating must be adapted to each other so that 
on fusion a sleeve is formed (see fig. 10). 


Fig. 3. After contracting (picture 173) an elongated drop 
(picture 174) is formed which moves to and fro (picture 175) 
and is eventually transferred to the piece of work (picture 176). 
Fig. 4. A metal drop is thrown back to the welding electrode. 
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104 


103 


102 


Fig. 5. Gas bubble in the coating (picture 90); 0,02 second 
later the gas bubble has burst (picture 91). In pictures 92 
and 93, the material of the coating appears to *neck" the 
coating drop. 


Fig. 6. A coated drop becomes detached from the welding 
electrode: during its descent the drop explodes (picture 104). 


B:T was used by Fla m m), and afterwards by 
Bela Ronay*), who called his 
“arcronograph”. It was found that 
coated electrodes the ratio B:T was nearly equal 


apparatus an 
with heavily- 


to unity, in other words that the drops during 
transfer produce no short-circuit (K:T = 0). This 
result confirms the film records obtained by Bull. 

Finally. reference must also be made to those 
methods of investigation which cannot be called 
either direct or indirect methods. We shall group 
these under the general head of model ex- 
periments, as a model is made of that part 
of the welding process which it is desired to study 
in greater detail. 

A typical example of this class is given by the 
experiments of Flam m ?), who studied the for- 
mation and transfer of drops and the capillary 
forces accompanying these processes by using oil 
From his observations he drew 


as a medium. 


5) P. Flamm: Messmethoden und 
elektrischen Lichtbogenschweissung. 
Die Elektroschweissung 3, 50, 1932. 

6) Bela Ronay: Evolution of the 
Amer. Soc. Nav. Eng. 46, 285, 1934. 

7) P. Flamm: Die elektrische Lichtbogenschweissung als 


Kapillarvorgang. Die Schmelzschweissung 9, 105 and 162, 


1930. 


Messungen bei der 


Arcronograph. J. 
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Fig. 7. 12!/, pictures per second. Over the whole surface of 
the sleeve the coating fuses into droplets. Core and coating 
are difficult to distinguish. 


Fig. 8. 12!/, pictures per second. Thinly-coated electrode. 
The drop falls and causes a short-circuit. The bulk of the 
molten metal flows into the welding seam. 


various conclusions regarding the transfer of 
material during welding. 

The investigations of Doan and his collabor- 
ators 5) also come under this head: they consisted 
in welding on a continuously-moving band so that 
successive drops were collected separately. The 
same applies to the experiments already described 


at the beginning of this article !), where the period 


Fig. 9. X-ray cine-camera for taking 50 pictures per second, 
with cover removed. 


8) Gilbert E. Doan and J. Murray Weed: Metal 
disposition in electric arc welding. Electrical Engineering 


51, 852, 1932. 
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of drop-fotmation was extended by .employing 
very small currents, and the experiments of ' 
Ronay.®) in. which the electrode was fused 

against a carbon base. l 


E. 


“A method has recently -been developed at_the 
Philips Laboratory ?) to make radiographic film 


$) 


\ COI 


Fig. 10. Diagrammatic sketch of drop transfer from the 
welding electrode to the workpiece (cross-sectional view): 
1 core, 2 coating of the welding electrode, 3 sleeve; 4 drop 
enclosed by coating material, 5 piece of work, 6 bead, 7 pool. 


9) J.Sack: The Iron and Steel Institute. Symposium on the 
welding of iron and steel, London 1935, Vol. 2, p. 553. 
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‘pictures of the transfer of material. The welding 


process is recorded with X-rays on a special X-ray- 
sensitive film; if the X-ray tube is run on a suitable 
voltage it is found that the core and coating of the 
electrode: can be readily distinguished - on the 
radiograph, the method thus” being of special 
value with coated electrodes. But also for bare 
electrodes the method presents advantages, as the 
gas and vapour clouds surrounding the arc can be 
completely penetrated by the “X-rays and ‘are 
hence not reproduced‘on the film. This enhances: 
the clearness of reproduction. 7 

; The- first pictures were made with an ordinary 
amateur cine-camera which .'was- reconstructed 
for X-ray exposures. With this unit 121/, pictures . 
per second could. be taken on.an X-ray-sensitive 
film. Subsequent pictures were made. with. an: 
X-ray cine-camera - (fig. 9) specially designed for 
this purpose and with which 50 pictures per second 

(slow-motion film) could be’ obtained. Fig. 10- 
gives à schematical representation. of the drop- | 
transfer; the reproductions, fig. 1-8 shown" above 
are parts of the film and show various stages 
during the drop-transfer. 


e 


PRACTICAL APPLICATIONS OF X-RAYS FOR THE EXAMINATION OF 


MATERIALS?) 


-I 


Introduction 


The successful application of X-rays to the 
technical examination of materials does not by: 
any means require a’ fundamental theoretical | 
knowledge of the laws of crystallography and 
physics, such as is essential for an exhaustive 
scientific investigation. X-ray methods have there- 
fore become very useful aids for testing materials 
and enable valuable results to be obtained also 
in cases where other means of examination do 


* 


1) In this section we propose to discuss applications of 

* the socalled interference method only, in which diffraction 
of the X-rays takes place at the atoms of the radiographed 
material. No consideration will be given to the absorption 
method by which structural flaws and other internal 
abnormalities of a material can be deduced from dif- 
ferences in the absorption of the rays. 


By W. G. BURGERS. 


not succeed. In the modern laboratory, in res- 
earches concerned with the structure of matter, 
an apparatus for taking X-ray diffraction patterns 
is nowadays as indispensable as the microscope. 

It is obvious that satisfactory results cannot be 
expected without suitable apparatus, which com- 
prise a high-tension generator, an X-ray tube and 
an X-ray camera. During recent years, X-ray 
diffraction apparatus have béen evolved which. 
are no more difficult to manipulate' than the 
ordinary microscope. The adjoining picture (fig.1) 
shows the apparatus employed.in the Philips 
laboratory for registering diffraction patterns. The ` 
base of this apparatus has a diameter of 10-in., 
the overall height being 2.5 ft. It is run directly 
off the alternating-current mains. 


The use of this apparatus is quite simple in the 
majority of its applications. The actual camera 
is merely a cylindrical box on the inside wall of 
which the photographic film is secured by springs 
(in fig. 1 a camera is seen on either side of the 
X-ray tube); a diagrammatic sketch of the arrang- 


Fig. 1. Apparatus for taking X-ray diffraction patterns. 


ement is shown in fig. 2. In the middle of the 
camera top is the specimen holder which can be 
rotated 
the specimen P is secured. The material to be 


about its axis and at the end of which 


examined should be pulverised if possible and a 
litile of the powder (a few tenths of a gram suffice, 
the small quantity required being in fact one of 
the main advantages of the X-ray method) placed 
in a thin-walled glass capillary with a diameter of 
about |! mm. The X-rays pass through a small 
metal tube B (diaphragm) inserted in the cylinder 
wall of the camera and impinge on the prepared 
specimen, where they are dispersed and produce 
a series of characteristic interference lines on the 
film F. 

If the material cannot or must not be pulverised, 
a different arrangement is used. Thus if the test- 
pieces are of larger size, they can be secured to the 
base of the camera with wax so that the X-rays 
just graze them. Other models of camera with a 
flat film can also be employed. 

With the aid of this handy and portable appar- 
atus it is quite simple to extend the application 
of X-ray analysis from the laboratory to the 
work-shop. It is, however, not generally recognised 
that in practice many cases occur which are 
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particularly suitable for the successful application 
of this method of analysis, as for instance where 
definite information is sought on specific points 
without extensive and complicated investigation. 
Information of this character can frequently be 
obtained with 
accuracy from X-ray diagrams. The diffraction 


surprising simplicity and great 


patterns do not require careful measurement nor 
have complicated theories to be applied; simple 
inspection is enough, provided a certain amount 
of experience has been acquired. It is evident that 
a series of diagrams for a number of commonly 
occurring materials is very useful for comparison 
purposes and as a guide in this work. 

That up to the present the X-ray diffraction 
method is applied to practical problems in a 
limited. number of cases only, is probably due to 
the fact that, on the one hand radiologists have 
not come in contact with these problems, and, 
on the other hand investigators employed in the 
practical testing of materials have not yet fully 
realised the potentialities of X-rays in their work. 
Only as a result of a more intense exchange of 
views and experience will X-ray diffraction methods 
and apparatus acquire the general application in 
industrial practice which their practical utility 
merits. 

To contribute to the wider adoption of this 
method is the purpose of this section, in which 
we propose to publish periodically examples of 
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Fig. 2. Camera for obtaining X-ray diffraction patterns. The 
arrow denotes the entrant direction of the rays emitted by 
the X-ray tube. D is a diaphragm for producing a narrow 
pencil of rays, P is the specimen attached to the rotatable 
holder, F the strip of film clamped to the inner wall. The 
camera has an aperture at O for the emergence of those X-rays 
which are not diffracted. in order to prevent disturbing 
interferences. For the same purpose a hole is cut in the film 
at this point. 


applications and results achieved in this laboratory. 
We shall intentionally limit ourselves to the dis- 
cussion of problems and cases in which mere 
inspection of the diffraction patterns is sufficient 
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to give the desired result. Problems, whether of a 
practical nature or not, which necessitate a more 
fundamental examination will not be embraced 
in this section. 

The examples ?) to follow will demonstrate the 


manifold applications of X-ray analysis in practice. 


l. Comparison of Porcelains 


To determine whether a new porcelain mixture 
was identical with an existing one, diffraction 
patterns were obtained for different specimens. 
Fig. 3a reproduces the pattern obtained with 


the new mixture before firing and fig. 3b the same 
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Fig. 3. Comparison of porcelain mixtures. 
a) New mixture before firing 
b) New mixture after firing 
c) Existing porcelain mixture 


mixture after firing: fig. 3c shows the pattern 
obtained with an existing porcelain. The distances 
between the lines in fig. 3b differ from those 
in fig. 3a, thus indicating that a structural change 
has taken place during firing, while on the other 
hand the exact agreement between the lines in 
figs. 3b and 3e shows that the fired product is 
identical with that already known. 


2. Identification of Surface Film on Steel Balls 


Steel balls which had been in rolling contact 
with brass bushes gradually acquired a dark surface 
film, which evidently was extremely thin and 
adhered tenaciously to the steel surface. 


*) The majority of these investigations were carried out 
in collaboration with M. F. M. Jacobs. 
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It was required to establish the nature of this 
film without in any way treating the balls either 
chemically or mechanically. The X-ray patterns 
for a new steel ball (a) and two balls (b and c) 
which had been in use for increasing times are 
reproduced in fig. 4; the photographs were obtained 
by means of radiations just grazing the spherical 
surface ?). 

While the pattern for an unused ball contains 
only lines due to «a-iron (fig. 4a). another group 
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Fig. 4. Identification of a surface film on steel balls. 
a) New steel ball before use 
b) and c) Steel ball after increasing periods of service 
d) Copper 


of lines is seen to become gradually more and 
more apparent as the period of service increases 
(fig. 4b and c). Simple comparison with a diagram 
obtained for copper (fig. 4d) shows that the balls 
are covered with a thin film of copper. 

It may also be concluded from the coustant 
distance between the iron lines in all three diagrams, 
a to c, that the copper film on the balls has not 
penetrated into the steel with the formation of a 
solid solution, as otherwise the iron lines would 


reveal a displacement. 


3) The different appearance of fig. 4 and fig. 3 is due to 
the fact that a different method of registration was used. 
The essential characteristic is the relative position of ‘the 
lines. 
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ABSTRACTS OF RECENT SCIENTIFIC PUBLICATIONS OF E M 
~ THE N.V. PHILIPS’ 'GLOEILAMPENFABRIEKEN 


. This section will be devoted to a monthly review of the latest scientific papers published 
by the N.V. Philips’ Gloeilampenfabrieken. Reprints of the majority of these papers can 
be obtained on application to the Administration of the Research Laboratory, Kastanje- 


laan, Eindhoven, Holland. Those papers of which only a limited number of reprints are 


available are marked with an asterisk (*). 


No. 1030: E.J. W. Verwe y, Ionenadsorpton 
und Austausch (Kolloid-Zeitschrift 


72, 187-192, August 1935). 

Adsorption phenómená in electrolytes may be 
reduced to three fundamental proċesses: 

a. The adsorption of ions which determine the 

l potential of the double layer; 

b. The interchange of oppositely-charged mobile 
ions in the double layer (“counterions”); 

c. True adsorption of an electrolyte. 

It is shown on the basis of ion interchange in 
the erystal lattice observed by Kolthoff 
that these processes are frequently inter-related 
in a complex manner. The mechanism of “adsorpt- 
ion indicators” is also discussed in soine detail. 


The author shows in conclusion “that there’ is a. 


systematic error in precipitation titrations’ where 
the equivalence point is taken as the end point. 
The practical” utility ‘of these” titration methods 
is however not: adyersely affected by this. 


M. 5. o: ‘Strutt; Anode bend 
detection” (Pic. "Institute of Radio 
Engineers 28, 945- 957; ; August 1935.) 


The anode diréct cusiént is as a function, of the 
'grid potential expressed as.a series. which enables 
the characteristics" "of | ogrtain “modern commercial 
valves to be Accurately” represented, by no more 
than three terms. . The, principal "advantage of this 
form of expression: is that the rectification gradient 
and the distortion effects can be calculated exactly 
from the static valve char acteristics. Certain general 
conclusions are also drawn‘ regarding ‘the rectific- 
ation of various incoming waves. Results of meas- 
urement and calculation arein yer ry.good. agreement. 


No. 1031: 


No. 1032*; 
potentiaalvergelijking ` en: ` golfverge- 
lijking | in. n; "n+l, n+2. ..;. dimensies 
(Handelingen van het- XXV Ned. 

. Nat.- en Geneesk. Congies, 1935). 


The fact that a small rotation of a potential 


` or wave function gives rise*to another potential ` 


> 


Br van det P o], Oplossing van. 


or wave function can be employed to derive 
functions for an n-++1 dimensional space from 
functions in n dimensions. Simple derivation and 
extension of the general solution ' according to 


Whittaker. 


No. 1033*: C. G. A. von Lindern, Mag- 
netrons (Handelingen van het XXV 
Ned. Nat. en Geneesk. Congres, 


1935). 


With rotating field oscilations described by 
Nordlohne and Posthumus, the high- 
frequency radiation energy generated is considerably 
greater than with the two earlier known types of 
oscillations of the magnetrons valve. With a wave 
length of 100 cim both theory and experiment 
give an silicium of 65 percent: 


No. 1034*:; H. Bruinin g, Secundaire elec- ` 
tronenemissie (Handelingen van het 


XXV Ned. Nat.- en Geneesk. Congres, 
1935). 


The depths from which secondary electrons are 
emitted from metal surfaces .are investigated and 
it is found that these electrons are not derived from . 
the upper atomic layer but from those at a greater 


depth. Electrons which graze. a smooth metal 


surface cause the emission 'of more secondary l 
electrons from this surface than obtained on vertical, 
incidence, as the secondary elec rons emitted have 
freer access to the surface. 


W.de Groot, Aard en meting van 
.Straling (Handelingen van het.XXV 
, Ned. Nat. en Geneesk. Congres, 

1935). 


No. 1035*: 


This paper, which was read at a joint meeting of 
physicists and medical men, deals mainly with 
the nature and properties of electromagnetic 
radiations throughout the whole known . range 


of wavelengths. At the end of the paper reference - 


is also made. to the latest work on corpuscular : 
radiations. ` 
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DEALING WITH TECHNICAL PROBLEMS 
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N.V. PHILIPS’ GLOEILAMPENFABRIEKEN 
EDITED BY THE RESEARCH LABORATORY OF N.V. PHILIPS' GLOEILAMPENFABRIEKEN, EINDHOVEN, HOLLAND 


THE PRODUCTION OF SHARP FLUORESCENT SPOTS IN CATHODE RAY TUBES 


Summary. The problem of producing sharply-defined light spots on a fluorescent screen 
with the aid of a beam of electrons is studied in this article, use being made as far as 
practicable of the analogy between light-rays and the cathode rays. 


Introduction in this introductory article to review the principles 
governing the construction and method of operation 


During recent years, the cathode ray (or Braun) ; 
2 : : of the cathode ray tube. 


tube which was originally only employed for 
physical experiments has been adapted to permit 
of its use for various technical purposes. The 
earliest use of the cathode ray tube was in the 
cathode-ray oscillograph in which the motion of 
a sharp spot of light on a fluorescent screen was 
studied. The television apparatus, which has already 
been described in the first number of this Review !). 


is one of the latest applications of the cathode ray 
tube. In this apparatus the image is produced on 
the fluorescent screen by causing a spot of light 
(or scanning beam), whose intensity is subject to 
rapid fluctuations, to travel at great speed over the 
whole picture-surface. A third important application 
of the cathode ray tube is the electron microscope. 


in which the cathode ray throws an enlarged image 
of the hot cathode surface on the fluorescent screen. 
Fig. 1 reproduces a series of photographs of the 
crystal structure of a cathode surface, which were 
obtained by Dr. W. G. Burgers with the aid of 
an electron microscope. 

In the various applications of the cathode ray 
tube, the specific requirements were such as to 


necessitate a closer investigation and improvements 


of various details. It appears desirable, therefore. 
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Fig. l. Series of pictures of a cathode surface produced bv 
1) Philips techn. Rev. 1, 16, 1936 cathode rays (magnification 15 times). 
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Fig. 2 shows the ‘construction of a gasfilled 
cathode ray. tube of very simple design. The hot 
.eathodé K is surrounded by the cylinder C, which 


is given a negative. bias. of such magnitude that 


. os C (7 4g26a 

Fig. 2. Diagrammatic sketch of à gas-filled cathode ray tube. 
K = cathode. F = leading-in wires. C = Wehnelt cylinder. 
A = anode. P, and P, = deflecting plates. S — screen. 


` 


owing: to attraction by the gas ions the electrons. 


emitted from. the cathode are focussed as»far as 
possible to a single point (fig. 3). If a potential 


Fig. 3. Image of the cathode obtained with the aid of the 
Wehnelt cylinder C. Owing to the electric field of C and the 


. attraction ôf the gas ions the electrons emitted by the cathode: 


are concentrated on a point of the axis forming an image 
of the cathode. 


difference is applied to the pair of plates P, and P,, 

-the beam of eléctrons ‘is deflected. Owing to the 
small rout-time of the electrons from the cathode 
to the screen, the beam of electrons can respond 
to electrical oscillations much more quickly than 
mechanical. oscillographs. Only at frequencies higher 
than 109 per sec (ie..at a wavelength of less than 
:3m) in high vacuum tubes the cathode ray does no 
longer follow the impressed, oscillations. 


Electron Lenses o 


Although the cylinder C (fig. 2) is quite effective 
for focussing the beam of. electrons in gasfilled 
tubes, sharply defined cathode images can indeed 
only be obtaiüed. with the. aid of more complex 
electrical arrangements. This is the only successful 
method in high-vacuum’ tubes. To visualise clearly 
the method of operation of such additional electric 
fields, we will’ discuss the electrical system by 
analogy with optical systems; We therefore also 
speak of electron lenses, etc.. 2 

The path of lightzrays in geometrical optics is 
governed ‘by Fermat’s principle, according to 
which the path of these rays between two points 
is such that the time for passing from one point 


to the other is a minimum. In a medium with a. 
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refractive index n, the velocity of light ds cjn, 
where c is the speed of light in vacuo. Fermats’ 


principle may be expressed mathematically as 


follows: 


| di 


' In order to describe the path of a beam of 
electrons, we must start from the fundamental . 
These laws may be 
summarised in the principle of minimum action, 
according to which the space-integral of the 
product of the mass m and the velocity v (mv = 
impulse p) between any two points of the space 
traversed is smaller for the actual path taken than 
for any other conceivable path terminating at the 
same two points with the same velocities. It is 
presupposed here that the velocity of the body at ` 
every point in its path is as great as required by 
the energy theorem. We thus obtain the following 
condition for a minimum: mE 


E ds = = =ï) n ds = minimum (1) 


laws of point mechanics. 


Je ds = m fo ds = minimum. . (2) 


- Comparing equations (1) and (2), it is seen that 
the velocity v of the electrons in electronic optics 


plays exactly. the same part as the refractive index 


n in geometrical optics. If, with the aid of. metal 
lattices, lenticular areas in cathode ray tubes 


(fig. 4) are raised by a constant amount of potential 


above the surrounding space, the ‘electrons will. 


Fig. 4. Electronic lens of wire lattice. K = cathode. B= 
image. The wire lattices are electrical double layers. At the . 
small distance between them the electrons are much acceler- 
ated or retarded; outside and inside the electron lens their 
velocity is a constant. 


travel within such areas at greater velocities than 
outside them. The velocity within the electron lens 


is determined by the potential différence. the 


electrons passed through: 


re 


1, 1 . 

eV tzmê= const. 
V. being the potential and e, m?) and v respectively 
the charge, the mass and the velocity of the electr on. 

The lenticular area thus acts on the electrons i in: 
an analogous way to an ordinary optical lens. 
2) e = ATI e sm. ` 
9.1078 g 


“m= 


> 
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The practical production of lenses by means of 


wire ‘lattices has, however, certain disadvantages . 


-as the electrons are scattered at the lattice wires. 


Immersion Systems for Electrons > => 7s 


Of an efficient cathode ray tube it is not only 
required that the image of the cathode on the 
fluorescent screen shall be as small as possible, but 
also that the optical system and the screen shall 
be sufficiently far apart (fig. 2). This large inter- 
vening ‘distance is necessary so that the fairly small 
angular deflections, which the pair of plates P, and 

. P, impart to the beam of electrons, are rendered 
visible on the screen on a magnified scale. On the 
fluorescent screen we thus obtain an image O' of 


small area a$ well as a | beam of small angle Q'.. 


On the other. hand, to obtain a sufficient intensity 
it-is'i necessary , to make the area of the cathode O 
as well as the angle of emission Q of the electron 
beam as large as possible. 

. According to a theorem in geometrical optics, thé 
product of the area O, the angle Q of the beam and 


. the square of the refractive index n? is the same .. 


for both i image and object, thus: 


0 Q'at-0Qm ‘© 


A corresponding formula also applies in electronic 
optics, except that the refractive index n is replaced 
by the velocity v of the electrons. The requirements 
to be met by the cathode ray tube set forth in the 
‘previous section can obviously only be satisfied if . 
. the electrons.striking the screen have a much 


+ 
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Fig. 5. Electrostatic field.of an immersion system for electrons. 
It can be deduced from the shape of the lines of force that 
the electrons moving from left to right are accelerated; so 
they pass through the aperture of the anode at a high velocity. 


"greater velocity than those leaving the cathode. 
In ‘optics, systems in which the object and image 
are embedded in media with different refractive 
indices are termed immersion systems. The same 
nomenclature may be applied in electronic optics 
` to systems in which the velocities of the electrons 


of electric fields with a rotational 


"Magnetic Electron Lenses 
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at the cathode and at the screen are not the same. 

For light rays the refractive indices vary only ` 
between 1 and 2; with cathode rays, however, , 
any desired ratio between the velocities corres- 


_ ponding to the refractive indices, can be obtained 


by accelerating the electrons sufficiently. In this 
way both the angle of the beam and the image of 


.the cathode can be made as small as desired. 


The beam of electrons is focussed’ by means 
symmetry 
instead of by wire lattices. Àn example of this is 
shown in fig. 5. The focussing action of such electric ` 


. fields can be readily deduced from the configuration 


of the lines of force. Fig. 6 shows the arrangement 


Fig. 6. Arrangement. ‘of an electronic lens in the Philips 
3951/3952. cathode ray tube. Lines of force: 
equipotential surfaces; ——.—.— path of electrons: 


of the electronic lenses in the Philips 3951/3952 
cathode ray tubes. The Wehnelt cylinder is provided 
with a metal plate which has a small aperture just 


` in front of the hot cathode. Owing to the negative ` 


bias of the Wehnelt cylinder, the beam of electrons 
on admission into the first.anode cylinder is already - 
subject to preliminary focussing: The electric field 
between the two anode cylinders ensures accurate 
concentration of the electron beam. 


& 


Besides electrical systems, magnetic systems such 


‘as a homogeneous magnetic field with the same 


direction as thé electron beain, can also be employed 
for focussing the cathode ray. For thé action of such 
a magnetic field there is no optical analogy. If a 


. slightly divergent beam of electrons travels in the 


longitudinal direction of a magnetic. field, the 
electrons are deflected by Lorentz forces which are 


perpendicular to the direction of motion of the 


electrons and to the magnetic field. Under the 
action of these Lorentz forces, the electrons describe 
elongated spiral paths whose axes are in the . 
direction of the magnetic field. As these spiral paths 
(fig. 7) all have the same pitch, the electron beam 
is concentrated to a single focus. : 
We shall analyse this process in greater detail. 
Take an electron with a velocity v which makes 
a small angle a with the direction of the magnetic 
field, so that the radial component of the velocity 
is v sin a, while the axial component is almost 
equal to v. The projection: of the path of the electron 


— ————;. 
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on a surface perpendicular to the axis of the 


magnetic: field is then a circle of radius rr The- 


centripetal force 

m v? sin?a’ 
IDEE 
required to produce this motion is provided by the 
magnetic field H, which is therefore equal to 


H (e|c) v sina (c is the velocity of light). This 
gives the radius of the circle as: 
r = T inal L o.. (4 


The radii of the circles are therefore proportional 
to the velocities of the electrons v and inversely 
proportional to the magnetic field strength H. 
At.a given neld-strength, all circular paths will 
be described in the same time, viz: 
2nr mc 
[Dc — — = 2r'— c. (5) 
v sina . eH 
During | this time ` of motion the electrons will 
traverse the same distance s in an axial direction: 


Nox 2s : mco 


s = vr = 2a Ur tton (6) : 


The spiral paths thus all have. the same pitch 


(fig. T) MEE : Bu 
‘With ` magnetic focusing very ‘god desults are 


ED a bn, 


\ í 


LLL MELLE 
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Fig. 1. Spiral paths described by electrons i ina homogeneous 
magnetic field. The cylindrical surfaces enclosing these spiral 
paths ‘are shown‘solid for the sake of elucidation. The axis 
of the system is the’ common. generator of all cylinders. 


D 
. ` 


obtained: It is also used in the electron microscope 
with which the photographs of fig. 1 were made. 


Distortion of the image 


As a rule light-rays. of different colours are 
refracted to different degrees at the surfaces 
bounding two media, so that two rays of light of 
different colours coming from the same point are 
usually not focussed in exact coincidence, and so- 


called chromatic aberration is obtained. The 


corresponding distortion in electronic optics is 
obtained with non-homogeneous "beams, a beam 
defined as non-homogeneous . when. the 
constituent electrons have different velocities and 
are therefore deflected to different degrees in the 


being 
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electric field. The electrons being emitted by the 
cathode with various velocities, the electron beam 
is always non-homogeneous. The difference between 
the velocities of the electrons can, however, be kept 


within sufficiently narrow limits by accelerating the 


electrons already close to the cathode to such a 
degree that their velocity is large compared with 
different emission velocities. 
. If in geometrical optics the apertures through 
which the ray passes are not made too small, then 
the rays emitted from one point in the axis will 


‘be combined at different points according as they 


travel close to the axis or make a large angle with 
it. Distortion of the image due to this factor is 
termed spherical aberration. The corresponding 
analogy in electronic optics is the aberration of 
homogeneous beams of electrons with a finite angle 


_ of emission, but in practice such distortion is small 


as the apertures employed are not very large. 

If a plane perpendicular to the axis appears as 
a curved surface in the image, we have what is 
called éurvilinear’ distortion, which is of little 
trouble in electronió optics as we are dealing with » 
beams of great depth of definition (cf. the section ' 
of _space- charge phenomena, fig. 10) in which the 
surface of the image does not occupy a strietly 


defined position. 


OA beam of light-rays ' which ‘does not " fràvel 
parallel tò the axis of the lens will as a rule not 
be concentrated at a focus, but along two fócal 


: lines perpendicular to 'each other ànd perpendicular 
to the axis of the lens at different distances from 
the lens. This form of distortion is termed the 


astigmatism of inclined beams. In optical 


Systems not accur ately ` centred, 'asti gma tic 


: distortion of beams parallel to the axis 


also occurs. In electronic optics this phenomenon 
may be very troublesome, for the beam of electrons 
here gives rige to twolines perpendicular to each other, 


. which are thrown on the screen at different poten- 


tials. To obtain sharply-defined images astigma- 
tic distortion must therefore be kept as small as 
possible. It has been found that the deviations from 
rotational symmetry and the error in centring the 
cathode and the Wehnelt cylinder must not exceed 
0.01 mm. In other parts of the optical system the 
dimensions .in question -are greater, so that the 


geometrical and -centring errors may also be some- 


what greater (about. 0.1 mm). Furthermore, non- 
homogeneities of the surface of the cathode may 
also cause deviations -in the rotational symmetry 
of the beam of electrons, resulting in the production 
of so-called cathodic:astigmatism. Fortunately this 
distortion usually disappears in course of time as 


` 
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the surface of the. cathode becomes sufficiently 
. homogéneous after a few hours’ heating. - 

. When using magnetic len 3, for which there is 
no analogy in geometrical optics, distortion of the 
image is also obtained, but for whose elucidation 


-— 
—— 
—— 
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Fig. 8. Rotational distortion projected on a surface perpen- 
dicular to the axis. O is the axis, a is a line cutting the axis 


perpendicularly; b is its rotated image according to equation 6; _ 


e is the figure produced by rotational distortion. 


no optical analogy can be of any assistance. In 
the case of rays which only deviate slightly from 
the direction of the axis, we obtain in a homogeneous 
magnetic field H a specific rotation of eH/cmv per 
unit of length in the direction of the axis. If the 
electrons are also accelerated during ‘their passage 


through the magnetic coil, their total rotation in- 


the magnetic field is the integral of this specific 
rotation along the path of the electron. Non- 
homogeneous magnetic fields also' enable well- 
defined images to be obtained, whereby the image 
is not only rotated but also magnified or reduced. 
If the rays make a larger angle with the axis, 
their rotation may differ from that of the rays 
travelling almost parallel to the axis, and for this 
reason straight lines perpendicular to the axis are 
frequently shown in the image as curved. In this 
case we speak of rotational distortion (fig. 8). 


Deflection Systems | 


"The deflecting fields naturally possess no vote Goud 
symmetry but usually an enantiomorphic symmetry, 
and thus behave as cylindrical lenses in geometrical 
optics. Care must be taken that the astigmatism 
caused by them is as small as possible, for if for 
instance one of the deflecting plates is connected 
to the anode and an alternating voltage applied 
only to the other, the astigmatism at the same 
` potential difference between the plates will be much 
greater than when the two plates are connected 
up symmetrically with respect to the anode. 

If the electrons are deflected to a marked extent, 
they will approach the edges of the deflecting plates 
where the field is very non-homogeneous. Deflection 
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will then no longer be proportional to the deflecting - 
potential difference; To avoid. this source of error, 
the ends of the deflecting plates are splayed out- 
wards (fig. 9) so that the electrons on leaving the 
deflecting system can travel along equipotential 
surfaces for as great.a distance as possible. 


~ à 
à 
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Fig. 9. A deflecting system in which the electrons on emission - 


are almost parallel to the equipotential lines: 


— € Phenomena 


The er repulsion E. the electrons has no 


` corresponding analogy in geometrical. optics “and 


the distortion of the cathode ray resulting from 
this action must therefore: ‘be discussed independ- . 
ently. The fluorescent spot owing to the space- 
charge. becomes greater than it should do according 


- to. geometrical optics. If in a 2000-volt oscillograph 


the maximum diameter of the spot is, stipulated 
as 1 mm the greatest permissible current intensity - 
is then 0.1 milliamp. In modern cathode ray tubes 
for television purposes this current value is reached 
although only at higher voltages. Perhaps the 
current strength of the cathode ray could be 
further increased by using systems with a greater - 
aperture and in which the current density remained 
sufficiently - Tow: up to ihe sieht AO of thig 
screen. ,` . 

With a cathode ray the position ` of. the. image 
obtained is not by any means fixed as precisely as - 


with light-rays, for the beam of electrons in the 
neighbourhood of its maximum constriction has 


practically a' constant cross-section over a fairly 


‘considerable distance (fig. 10). A cathode ray has 


therefore a much greater depth of definition, so 
that curvilinear distortion (see : section on distortion 


of the image) is of no moment. 


2. Y os 
*. 
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Fig. 10. ‘Production of an image: (a) by light-rays, (b) by a 
beam of cathode rays. With light-rays the outlines of the 
beam are straight lines, with cathode rays they are curved 
by mutual repulsion of the electrons. Therefore these electron 
beams possess approximately their minimum didmeter along 
a large distance. . 7 B Re F tos 
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The thickness of the graphed line in an oscillo- ` 


gram obtained with a cathode ray tube is also 
determined by the graphing speed. This phenomenon 
is termed the "charging spread" and is due to 
irregularities in the charging of the screen caused 
by the greater or lower velocity of the scanning 
cathode ray. Charging produces an :electrostatic 
field in front of the screen which scatters the 
electron beam. 

The electric charge of the cathode ray, in addition 
to the troublesome effects mentioned above, has 


fortunately also an advantageous action. The so- : 


called gas concentration which can be obtained in 
gas-filled tubes, results from the ionisation of the 
gaseous atoms by the high-speed electrons. In this 
way the passage of the cathode ray produces a 
track of positive ions, which, as they are far less 
mobile than the electrons generated at the same 
time, remain in their original positions, while 
the electrons diffuse into the surrounding space. 


In the path traversed a space-charge field is thus , 


produced which not only counteracts the mutual 
repulsion of the electrons but is also even capable 


of focussing the beam -of electrons. In gas-filled’ 


tubes sufficiently small spots can be obtained 


without special electric fields. 
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For the gas concentration gas pressures of 107? 
to 107? mm are required. Neon, argon or mercury 
vapour are among the gases used for filling the 
tubes. Cathode ray tubes of this type give satis- 
factory spots already with a few hundred volts. 
A disadvantage of the gas filling is the danger of ` 
causing deterioration of the cathode by bombard- 
ment with positive ions. To prevent this action 
the anode is so constructed. that it isolates the 
cathode space as far as possible from the deflection 
space where the majority of the ions are produced. 

The focussing action of the space-charge field 
is closely determined by the radiation intensity. 
On varying the intensity the equilibrium between 
the electrons, ions and gaseous atoms in the 
neighbourhood of the ray is naturally also altered. 
For television purposes, in which the intensity of 
the ray varies considerably, it is not a simple 
matter to obtain satisfactory results with gas 
concentration. For this reason also, high-vacuum 
tubes are used for television which are run on 
several kilovolts, so that owing to the much greater _ 
velocity of the electrons their mutual repulsion is 
not given time to spread out the beam. - 


Compiled by G. P. ITTMANN. 
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< RELAXATION OSCILLATIONS 


` 


Summary: The characteristics of relaxation oscillations are a fixed amplitude (and not 
an amplitude determined by the initial conditions, as in the case of harmonic vibrations) 
and a period determined by a relaxation time (i.e. the time-delay of the formation of an 
equilibrium). This class of oscillations is widely distributed and is met with in the most 


varied branches of science and technology. They fulfil a special function in the maintenance 


' of harmonic vibrations, a motion with which the engineer is much more closely acquainted. 
A very useful property of relaxation oscillations from the practical standpoint is the ease 
with which they can be synchronised. Between the two limiting cases of perfect relaxation 
oscillations and perfect harmonic motion there are transitional forms which can be 


produced experimentally as well as derived from a differential equation. 


Introduction 

In the case of many natural phenomena, progress 
in our knowledge of them and their subsequent 
technical application do not date from the time of 
their discovery but from the time they were given 
a distinguishing name. The acquisition of a specific 
name is an indication that the phenomenon in 
question, although it may have been known already 
for centuries, has become a focus of interest and 
that the research worker commencing to study and 
investigate it in greater detail, now requires some 
means ‘of readily identifying it. 

Relaxation oscillations were given this name +) 
in 1926 when a number of investigators, among which 
are also those in the Philips Laboratory, began to 
show a deeper interest in this type of phenomenon. 
It was’ soon realized that very many: periodic 
processes in the most divergent branches of science 
could be interpreted as relaxation oscillations. The ' 
newly-christened type of oscillation was also found 
to be a useful tool to the engineer, which he had 
unknowingly already been .employing for a long 
time. ‘In the first issue of this Review special 
applications of these oscillations have already been 
described in two different articles (J. van der 
Mark, An Experimental Television Transmitter and 
Receiver, p. 16; D. M. Duinker, Relay Valves as 
Timing Devices in Seam Welding, p. 11). 

1) By B. van der Pol in the Tijdschr. v. h. Nederl. Radio , 

Genootsch. 3, 25, 1926, (cf. also Phil. Mag. 2, 978, 1926). 

About the same time, E. Friedlünder, Arch. f. Elektro- 


"technik 17, 1, 1926, termed these oscillations “Kipp- 
schwingungen", which name has been adopted in Germany. 


The mechanism ‘and most important properties 
of those systems which are subject to relaxation 
oscillations will be discussed here. É 


A Special Relaxation Oscillation. as Example 


To demonstrate without preamble the particular 
class of processes which enter into consideration 
here, we shall start with the discussion of an example 
which has'indeed been known for a long time, viz. 
the intermittent discharge of a glow discharge tube 
having a condenser connected in parallel. 

The circuit of this system is shown in fig. 1. B isa 
discharge tube of any type, which has a specific ignit- 
ion voltage V, and a specific extinction voltage Vo. 
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Fig. 1. A system which can perform relaxation oscillations: 
The condenser C is charged from battery E through the 
suitably-rated resistance R. The discharge tube B has initially 
an infinitely high resistance. However, as soon as the potential 
of the condenser exceeds the ignition voltage of B, the tube 
becomes ignited, i.e. its resistance drops abruptly to a low 
value r. The condenser discharges itself rapidly through this 
low resistance until its potential has dropped to the extinction 
voltage of B, whereupon’ the resistance of the tube again 
becomes infinite and the same cycle recommences. 
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The tube commences to conduct 
soon as the potential across its terminals exceeds 
V,. The condenser C, which is charged from a 
battery E through the high resistance R, is dis- 
charged through the low resistance r of the tube B 
as soon as it has reached the potential V,. The 
potential of the condenser on discharge through 
the low, resistance r drops rapidly to the extinction 
voltage V,, at which the tube allows no further 
current to pass and the discharge again ceases. 
The condenser is then recharged and its potential 
again rises from V, to. V, when the same cycle is 
repeated. The potential V of the condenser thus 
fluctuates as shown in fig. 2. 

It is seen that the oscillation obtained is very 
'' different from an ordinary sinusoidal one: In the 
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Fig. 2. Variation of the potential V of the condenser in the 
circuit in fig. 1. V, is the ignition voltage, V, the extinction 
voltage. net curve represeùts a relaxation oscillation. 
curve in fig.2, as in other forms of rélaxation 
oscillations (see fig. 7c), characteristic features are 
the steep discontinuities which occur at the end 
of each period corresponding to the sudden dis- 
charge. The length of the period is therefore mainly 
determined by the time required for charging the 
condenser (from the potential V, to Vj); this 
interval of time is determined by the resistance R 
‘and the capacity C. An intérval of time of this kind, 
which quite generally represents the delay with 
which an equilibriuni is arrived at (in the present 


case the equilibrium between the potential of the 


condenser and the battery. voltage) is: termed a 

relaxation time. In the’ class of oscillations which 

are discussed here, the vibration period is always 

determined by a relaxation' time, hence the 

term “relaxation "oscillations" proposed by 

van der Pol. mE KA 
Apart from this rather superficial difference 

. between relaxation oscillations and the well:known 
_ harmonic (sinusoidal) motion,- there are other 
reasons’ which justify relaxation. oscillations being 
regarded and investigated as independent phenom- 
ena. It might be advanced against this that a 
relaxation oscilation- similar to every other periodic 
phenomenon’ can be formally compounded from 
various harmonic motions by n means ofa Fourier 


current as. 


< 
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series. But in contradistinction to a harmonic 
motion, the most characteristic property of a 
relaxation oscillation. is, indeed, not 'the perio- 
dicity of the process. In our example we saw how 
atypical aperiodic process, viz, the charging of ` 
a condenser, can be continually repeated, linked up 
by interposed intervals of discharging of the conden- 
ser. The rhythm in which these sequential operations 
take place is determined by the rate of supply 
from the energy source E through the resistance R; 
by disconnecting the source E we can interrupt 
the charging process at any desirable moment and 
then again continue it from the same point at any 
subsequent time. This system of oscillation there- 
fore exhibits no preference for any characteristic 
frequency, which latter can be readily influenced 
by extraneous factors. On the other hand, the 


. amplitude of the relaxation oscillation is fixed; 


the reversal from charging to discharge of tbe 
condenser and inversely always takes place at the 
ignition voltage or at the extinction voltage of the 
discharge tube, the system continually. fluctuates 
between these two voltages. 


Application of Relaxation Oscillations for Maintain- 
ing Harmonic Oscillations f i 


Let us now consider the conversion of energy 
which takes place with a relaxation oscillation and 
with a harmonic oscillation respectively. In the 
example of a relaxation oscillation discussed above, 
we had an energy accumulator (the condenser) to 
which energy was supplied from a- constant source 
(the battery). The system also contained' a unit 
(the discharge tube) which at a certain high “ten- 
sion” of the energy accumulator suddenly commences 
to dissipate energy (converting it to heat) until 
the potential of the accumulator has dropped to 

a specific low value: the dissipation of energy then. 
ceases and the same cycle commences afresh. The 
net result is, therefore, that the system absorbs 
and dissipates a definite quantity of energy from 
a constant energy source, and this process can be 
continued indefinitely. 

In a system of harmonic vibrations, we always 
have two energy accumulators, e.g. a mass m in 
which kinetic energy can be accumulated and a 
spiral spring c in which potential energy can be 
stored (fig. 3a), or a condenser C for electrical 
energy and a self-induction L for magnetic energy 


(fig. 3b). During the motion energy is transformed 
.periodically from the one form to the óther. A 


dissipation of energy, which occurs in all practical 
cases (friction, electrical resistance), results in the 


FEBRUARY MES 


' 


gradual decay of the oscillation.. Hence to obtain 


a sinusoidal vibration lasting a long time, we must - 


make up thé energy lost. But here the striking 
fact must be considered that from .a source of 
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Fig. 3. Examples of systems carrying out harmonic vibrations. 

a) Mechanical system consisting af a mass m attached to" a 

. . spring with a retracting force c. 

b) Electrical system comprising a condenser c and a self- 
induction L connected i in series. 
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' constant energy we cannot directly apply energy . 


to a system of harmonic oscillations in order to 
maintain the vibratory motion. This may be readily 
seen with the aid of the differential equation for 
harmonic motion, e. 5 in the mechanical system 


(fig. 3a): 


TIT = dom i+ 2 (D 


where x is the deviation of the system from its 
position of rest (i.e. the amplitude) and the three 
_ terms give in the order shown the inertia (accu- 
mulator m or L), the friction (dissipation of energy) 
and the retracting force (accumulator c or C), 
'. Which at every instant of time are in dynamic 
equilibrium. If for the moment we neglect damping, 
the solution of (1) is a sine function ( fig. 4) whose 


frequency is fixed, but whose phase and amplitude 


» 


Fig. 4. Undamped harmonic oscillation (sine function). The 
` period T = 2x/w is determined by the magnitude of the 
components of the system. The phase y and the amplitude A 
are arbitrary (ie. only determined by the initial conditions 
of the differential equation (1)). Te 


can have any values, being only governed by the 

initial conditions (the magnitudes of x and.dx/dt 

„at time t = 0). If a constant external force K is 
applied to the system, equation (1) becomes: 

20 dx. 
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The-energy imparted to the system by this means. 


is determined by the integral of the force over the 
path traversed: 


Work done = [x dx = K | dx 
s "E am * d s 
But if we substitute for x the sine function express- 
ing the oscillation to be maintained, the integr al 


is equal to zero over each complete period of the 


. sine ?). In.order that the value of the integral shall 


not become zero, i.e. energy is actually supplied 
to the system, we must apply. a force which is 
not constant but is an arbitrary function of the 


time, provided only .that this function contains 


a component synchronising with x (e.g. to be 


‘determined by Fourier analysis), i.e. a sinusoidal 


function similar to x. In the majority of cases the 
sources of energy available furnish constant forces: 
for instance, gravity, wind pressure or a current 
of water, the E.M.F. of a battery, etc. In order 
to introduce the requisite sinusoidal component 
here, wé must intercept the constant time function 


‘of the force at regular intervals, so that the influx 


of energy is alternately free and blocked. But this 


-is just what relaxation oscillations are able to do. 


We can therefore place between. the constant 
energy source and the damped system of harmonic 
vibrations a system of relaxation . oscillations in 
order to supply the requisite energy in, fractions a as 
required. — - s 

- This principle is: adea actually „employed. i in 
practice.” The simplest example of maintained 
harmonic ‘oscillations which suggests itself is the 


mechanism of.a clock. Being constrained to a 


definite frequency, harmonic oscillations are ideal 


for time measurement; thus, a pendulum (in a wall 
clock) ora balance wheel (in.a watch). or a piezo- 
electric quartz lamina (in some modern astr onomical 
clocks) i is allowed to oscillate and the time measured 


by counting the "number of oscillations, ‘To maintain : 


these oscillations, so that as a result of damping 
they do not rapidly decay and cease altogether, 


. we provide a source of constant energy, e.g. the 


wound spring in a watch. Through the lever,A 


2) For the constant force merely causes a displacement of ` 


the position of rest. about which the system oseillates; 
this follows from the differential equation (1a) which on 
making the substitution X^ — x — Kfc can be written as: 


. dax’ 


s 
m o—LE FA cx! = 
d? 


This is again the same equation as (1), except that the 
position of rest is now x’ = 0, ie x = K/e, instead of 
xm 0. d had 


See. 
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-(anchor) of the escapement (fig. 5) the balance wheel 
O is given a fresh impulse at the end of each half- 
period of its oscillation by. the driving spring un- 
coiling a very little way, i.e. a small part of its 


Fig. 5. Escapement of a watch. The harmonic vibrations of 
the balance wheel O are maintained by a periodic supply 
of energy through the anchor A which performs a relaxation 
‘oscillation. In detail this process is as follows: As soon as 
the balance wheel during oscillation approaches its middle 
position (maximum velocity), the pin p coming from above 
strikes against the fork of the anchor A, which up to this 
moment rested against the upper pin s. The anchor is turned 
slightly, and its upper claw slides along the tooth of the 
escapement wheel R against which it rested; when the tooth 
has been released (this instant is shown in the figure), the 
scape wheel turns through the space of one tooth, under the 
tension of the driving spring, in the direction of the arrow 
(being again immediately engaged by the lower claw of the 
anchor) and now accelerates the motion of the anchor by 
means of the lifting “surface” at the top of the tooth in such 
a way that the anchor tilts into its opposite terminal position 
(the lower stop s), its fork at the same time giving a push 
to the pin p of the balance wheel in the direction of its oscillation. 
Hence, in this moment energy is imparted to the harmonic 
system by the spring. The anchor remains in its lower terminal 
position until the balance, after passing through half a swing, 
again initiates the same operations in the opposite direction. 


potential energy is transmitted as twist to the gear 
mechanism and the anchor. The lever A of the 


escapement performs a typical movement of the 


relaxation oscillation type; it moves'to and fro 
between two fixed terminal positions to the right 
and left (stops s), the reversal in direction in this 
case being produced itself through the coupling 
with the harmonie oscillation ?). i 

A further example is‘a tuning fork whose harmonic 
oscillations are maintained by a similar mechanism 


as used in the electric bell:-this is also a relaxation 


oscillation (the energy accumulator charged and 
discharged being here the magnet coil) 4). 


3) That the.escapement through the scapement wheel R at 
the same time sets in operation a counting mechanism 
which enables us. to read the time on the dial, is 'of no 

- importance for our ‘considerations. By the way, the 
“relaxation system" (anchor) could mot in this case 
perform independent oscillations without being coupled 
to the harmonic system. . ` 


4) For musical ` purposes, Niaudet has constructed a 
clock in which a tuning fork with a frequency of 64 cycles 
acting as regulator is driven by an escapement (the 
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' The sound in an organ pipe is also produced in 
a similar way: the column of air in the pipe performs 


. a harmonic oscillation, which is created and main- 


tained by a current of air blown over a tongue. 
Air eddies are produced behind the tongue which 
grow to a certain size, then become unstable and 
release the tongue. This is repeated periodically 
and is another example of a relaxation oscillation 


which maintains a harmonic oscillation. 


The Synchronising of Relaxation Oscillations 


In the above we have seen the important practical 
difference in behaviour between systems of har- 
monic and relaxation oscillations with respect to a 
constant force. We shall now sée how these two 
systems would react to a periodic, e.g. sinus- 
oidal, external force. 

Under the action of an external periodic force, 
a harmonic system becomes subject to what are 
called forced vibrations, with a frequency equal 
to that of the external force, but with an amplitude 
which is very small if there is a great difference 
between the forced and natural frequencies; if, 
however, the forced vibration frequency approaches 
the value of the natural frequency, the amplitude 
of the system becomes large, i.e. “resonance” is 
obtained. - dE 

A system of relaxation oscillations does not 
exhibit a ‘similar resonance ‘phenomenon. The 
amplitude is here fixed by the difference between 
the “potentials” of the energy accumulator at 
which a reversal of the controlling unit (in our 
first example the discharge tube) takes place. The 


external force, however, determines the moment 


reversal takes place: without appreciably altering 
the amplitude of the relaxation oscillations it 
influences its "frequency within certain limits. 
This is very aptly shown in frequency demultipli- ` 
cation 5), In the system in fig. 1 a periodic voltage 
e sin wt (fig. 6) is applied in series with the .dis- 
charge tube. We then find that the time between 
two ignitions, i.e. a period of relaxation oscillation, 
favours àn integral multiple n (a = l, 2, 3, ves), 
of the periods of the applied voltage: the frequency, 
of the relaxation oscillation becomes synchronised 
with the n-th part (1/n = 1/1, 1/2, 1/3, ...) of the 
applied frequency, viz, that fraction whose value 


scapement wheel here makes a complete revolution per 
second). If this clock loses a second per day, the frequency 
of the tuning fork is only 63.99926 cycles, as may be readily 
calculated. With this instrument extremely accurate 
measurement of pitch is possible by the method of beats. 


5) B. van der Pol and J. van der Mark, Nature 120, 


363, 1927. Hs ; 


* 


FEBRUAR Y 


; A 4 


a f " 
is Vu A frequency of the “free” (un- 


‘eonstyined) | relaxation oscillation. If in fig. 6 the 
— “free?” frequency is gradually altered by varying 
the jeapacity of the condenser, the frequency of the 
- *$urcéd" Mibrationi initially remains unchanged, 


"75253 ` 


Fig. 6. The same system of relaxation oscillations as shown 
in fig. 1l (intermittent glow discharge) but here with the 
addition of a periodic voltage e sin wt which affects the 
times of ignition and extinction. 


* 


ie. in step with the fraction of the extraneous 
frequency with which it has been synchronised; 
as the deviation becomes greater’ the frequency 
jumps to the next fraction: to which the “free” 
relaxation frequency has now approached more 


closely. In this way van der Pol and van der 


Mark, (loc. cit.) have succeeded in synchronising 
relaxation oscillations with 1/200 of the frequency 
i of an applied oscillation. `~ 


Further Examples and Technical Applications of 


Kelaration Oscillations 


We have seen above that in the case of harmonic 
oscillations a special mechanism is required for the 
periodic addition of. fresh energy. Relaxation 
oscillations do not, require a similar provision. 
Hence nature and technology provide us with many 
examples of systems of relaxation oscillations which 
continue indefinitely in vibration without any» 
special demand being made on the energy source 
for the maintenance of, the motion. In addition. 
no harmonic oscillation is required to control 
reversal as, for instance, in the case of the clock. 
We have already met with a typical example in 
the swelling and self-generating air eddies in a 
continuous current of air when discussing the organ 
pipe; the same process is also responsible for the 
musical sounds of the Aeolian harp and the humming 
of telegraph wires in the wind. The period of the 
note produced (pitch) is determined by the duration 
of gonta of an eddy to the unstable size, i.e. by 
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the velocity of the wind and the diameter of the 
wire, but does not depend on the length and tension 
of the wires (as with the harmonic vibration of 
strings, in for example the violin and piano). Many 
other well-known sounds are also due to relaxation 
vibrations; the grating of a knife on a plate, the 
fluttering of a flag, the hammering or singing of a, 
water pipe, etc. 

In the biological world, there are probably also, 


.many phenomena which can be interpreted dies 


relaxation oscillations, e.g. the beat of the heart. 
In this periodic process the fact that the heart 
“beats” already enables us to deduce that it does 
not perform a sinusoidal vibration but a relaxation 
oscillation. Actually in the heart three systems of 

relaxation oscillations are coupled in a specific 
manner. Van der Pol and van der Mark?) by 


coupling in a similar way three electrical systems 


of relaxation vibrations have succeeded in repro- 


ducing i in a most striking manner electrocardiograms 


as obtained with healthy and diseased hearts. . 

The opening and closing of blossoms is also 
frequently a relaxation oscillation which the plants 
continue to carry out with a definite periodicity 
when they are removed from all external influences 
(such as light, heat, ete.) and which can then be 
synchronised with new light stimuli. 

Tn electro-technology, relaxation oscillations have 
pérhaps been investigated most exhaustively of all 
branches of science. Apart from the example of 
the intermittent glow discharge 'and the electric 


bell, there is the Wehnelt interrupter, further the 


combination of a series-wound dynamo which feeds 


'a motor with independent field-excitation, the 


dynamo commutating periodically; furthermore: 
there is the anulti-vibrator , of Abraham and 


‘Bloch, as well as’ other circuits. with electron 


tubes with specific characteristics. ) 
Particularly the last- named electrical relaxation 
oscillations are widely employed i in technology (cf. 
for instance the above-mentioned descriptions alrea- 
dy published in the first issue of this Review). Other 
applications deserving of mention are the use of. 
bi-metal switches for luminous advertising signs 
and other purposes (the relaxation period is here 
the time required for heating), the motion of 


"windscreen wipers on motor cars which are driven 


pneumatically by a type of escapement, and finally 
the automatic flushing of water closets by cisterns 
which periodically are filled slowly and then rapidly 
discharged by means of a syphon. 


? 


9$) B. van der Pol and J. van der Mark, Phil. Mag, 6 
763, 1928. 
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Mathematical Representation of Relaxation Oscil- 
lations 


In a previous section we have used the differential 
equation (1) of harmonie niotion. The question 
arises whether we can also represent relaxation 
oscillations mathematically, i i.e. deduce their prop- 
‘erties from the solutions of certain differential 
equations. ; 

Consider again our, first example of the inter- 
mittent glow discharge in fig. 1. During the charging 


of the condenser C from the battery with potential - 


E through the resistance R, the discharge tube has 
an infinitely high résistance; the condition of 
equilibrium between the voltages gives us the 
following differential equation for the condenser 
current i, at this point: 


ifia d = E EN E 


The solution of this equation. is. 
E TR s uz 

L——6 : 

‘For tlie condenser potential V = E — i, R we thus 
get: LM i ; 


Ri, + (2a) 


u 


t. 


. V =E (1—-e ““). 


This, represents the first portion of the curve shown 


in fig.2: V increases with a velocity which is 


"determined by the "**elaxation. time" - RC in the 
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‘exponential function. But as soon as Yeti 
greater than the ignition voltage V, of the tube, 
its resistance jumps from infinity to the value r. 
From this instant onwards the discharge cutrent — 
of the condenser i, in the opposite direction is ~~ 
defined by the following differential equation 
(neglecting the small term r/R with respect to 
unity): 


(2b) 


which gives for the potential of the condenser 
s ! 
V=Ve ™ 
1 
We have now arrived at the next portion of the 
curve in fig. 2, the one with a negative slope, until the 
extinction potential V, is reached; the velocity 
with which this point is reached is again determined 
by a relaxation period, which is here rC. The total 
duration of the process, which is . continually 
repeated, is the sum of the two components of 
which each one is proportional to a relaxation 


period 7). 


7) It is readily found that the charging period is 
T= RC~In E E Va 
. and the discharging period ` 
| Ty — 5C. ln 


The whole period is T = T, + 
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“Big. T. Graphically found solutions of the differential equation (3) for three different 


values of the parameter [2 


a) For ec «1 the solution i isa gradually developing sinusoidal vibration with a terminal 


amplitude of 2. 


| b) For € 
terminal amplitude. 


= l we get a distinctly distorted, vibration, which more rapidly reaches the 


. 


c) For & >>1 the solution brings out the typical properties of a relaxation oscillation. 
A to and fro movement between two terminal positions is shown, neither such positions 
nor the zero position being stable themselves. On closer analysis it is found that the 
period is proportional to a magnitude physically | equivalent to a relaxation period. 
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Corresponding to the two entirely, different 


processes of which it is made up, the relaxation . 


oscillation is here represented by two differential 


. equations (2a and shi which have alternate appli- 


cation. 

B. van der Pol has succeeded in . deducing 
mathematically from a sin gle differential equation 
the behaviour of the multi-vibrator and other 
systems, which perform relaxation oscillations and 
were referred to above under technical applications. 
"This equation after certain simplifying transforma- 
tions ean always be written in the form: 

d?x 


am + æ= 0 (3) 


Compared to differential equation (1) for harmonic 
vibrations, equation (3) differs in respect to the 
non-linear “damping” term containing the coeffi- 
‘cient’ s. The solution of (3) (which-is obtained by 
a graphical method) proves to be closely dependent 


on the magnitude of c (cf. figs. 7a, b and c). If : 


€ << l, e.g. e = 0.1 (fig. Ta) we obtain an almost 
sinusoidal vibration" with a gradually increasing 
Át'& 1 (fig. Tb) the sine function 


` amplitude. 


' has become distinctly distorted and the final 


ee attained much quicker. Ate >> 1, 
e.g. ¢ = 10 (fig. 7c), a vibration is obtained whose 
ann properties agree with those ‘of what we 
have defined as a “relaxation oscillation” in fig. 2. We 
"have an amplitude determined by two fixed terminal 
"positions (independent of the energy consumption), 


. as well as the typical discontinuities (the attainment - 


- of instability); 


also the period (numerically ap- 
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proximately equal to £) can be shown to be determi- 
ned by a magnitude which is essentially 2 relaxation. 
period. The symmetrical form of the function with 
respect to the abscissa (fig. 7c) is only due to the . 
simple form of the damping term; if we add to it an 
asymmetrical term so that the damping term 
becomes E ' $ 


e(l — pe — 2) E 


the solution also becomes asymmetr ic, see 
still more fig. 2. : 

This far-reaching between ` the 
behaviour of the general type of relaxation oscil- 
lation discussed above and the properties of the 
solution of equation (3) for € >> 1 makes it not 
unjustifiable to regard equation (3) as the mathenia- 
tical expression of the phenomenon of the “relax- 
ation oscillation". From it the essential character- 
istics of systems of relaxation oscillations can be 
deduced and predicted, 
taken that conclusions of further import are not 
drawn. For those cases for which the differential 
equation (3) has been deduced physically (multi- 
vibrator, etc.) it has been observed that a continuous 
transition to sinusoidal vibrations is possible; and 
these transition forms have actually been realised 
‘experimentally in ‘the cases in question. From the 
equation (3), however, no direct éonclusions can 
be drawn regarding the behaviour of, for instance, 
the intermittent glow discharge with respect to` 
these transition forms. .. RO 


concordance 


Compiled by S. GRADSTEIN. 


although - care must be. 
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OPTICAL MODEL EXPERIMENTS FOR STUDYING THE ACOUSTICS 
| OF THEATRES 


By R. VERMEULEN and J. DE BOER. 


: Summary. In the auditoriums of theatres hess one of the primary considerations is the ! 
perfect audibility and intelligibility of the spoken word, a short period of reverberation 
is essential; this, however, should not cause too great a reduction in the “useful sound 
intensity". The distribution of loudness is examined in this paper with the aid of optical 
model experiments, in which the source of sound is replaced by a small lamp and the E 
walls of the theatre simulated in a three-dimensional model by walls with a suitable 
coefficient of reflection. This method was applied on the occasion of the rebuilding of the. 
assembly hall in Philips **Ontspanningsgebouw" (Philips Theatre). 


To gain an idea of the acoustics of a hall or 
theatre during a concert or a theatrical production 
requires no special knowledge or auxiliary means. 
On the contrary, the opinions of the uninitiated 


audience witnessing the:show here. act as a yard- 


stick: If the audience is not satisfied, it is the 
business: of the’ expert to establish the ,cause. of 
such dissatisfaction. But he must. also be in a 
position to determine the. potential acoustic charac- 


teristics : ‘of a hall, even, before it is built, -merely, 


from a _study of the plans. In. both cases he must 


-make use of. measurements and. , experience, "with l 


existing halls and from these deduce with the aid 
of calculations and designs the information required. 
In addition, the, béhaviour of the sound waves in 
the structure in question can also be determined 


by means of a. small scale model of the hall: A new . 


method. will be described here for carrying out 
such experiménts "with. models, which has been 
applied. in the Philips: ‘Laboratory, inter alia, to 
assist in the reconstruction of the assembly hall in 
Philips “Oltepanimigecspenr” (Possum at t Eind- 
hoven. : 
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Acoustic Properties of a Ball 


"The acoustic Chasucteristiós of a hall or theatre 


‘até almost completely determined by the reflection - 


of the sound waves at the walls. The sound which 

becomes audible to the audience can be resolved 

into various components, viz: : 

1) The direct sound, i.e. the sound waves reaching 
the audience without reflection at. one pom the 
walls or un surface; "E 

2) The “useful”, sound, which in. addition to the 

- direct — also includes every sound wave 


striking the ear within 1/,, of a second after the 


arrival of the direct sound. Useful sound has 

been so named because it has been found that 

all these contributed sounds aid in making the 

spoken word audible and intelligible, and in 
` practice- cannot be . distinguished from. «the 
` direct sound. zi eee oa 


3) Reverberation, which includes all: sound per- 


' sisting after the emission from the sound source 
has cpare Reverberation thus embraces the 


“waves which. reach the ear. after ths of-a 
^. second: = o o, o> eM . CP ark. 


4) For the sake of completion echoes vail also be 


included: here. An echo comprises a reflected 
sound wave, ; which, owing to the peculiar shape 
of a part of the reflecting walls, predominates 
above the reverberation and can be distin- 
guishéd separately because of its high intensity. 
"The reverberation period is defined as the time 


taken by the intensity.of sound in a sound-filled ` 


space to decay to a millionth part of its initial 
intensity after emission from the sound source 
has ceased. In the case of "musical productions it 
has been found that there is an optimum value of 
the reverberation period^at which the music is 
heard to the best effect. For the spoken word, 
specific reverberation periods also give optimum 
results, signifying that at these values maximum 


intelligibility is obtained. That an optimum is ' 


actually obtained here is due to the fact that the 
useful sound constitutes a part of the reverberation, 


ŝo that with too short a reverberation period the 


useful sound intensity becomes toó weak; if,-on the 
other.hand, the reverberation period becomes too 


long the successive syllables overlap and he - 


intelligibility again deteriorates. 


r “usefi al”? sound and all contributed: Sound i 
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In Ahe ideal theatre the whole sound radiated 
frorn the source would reach the audience as useful 
sound. Except for the case where the speaker stands 
in a suitable spot and is surrounded by a sound 
reflector, this acoustic ideal cannot be even approx- 
imately realised. A certain quantity of sound will 
always be “wasted”, reaching the audience only 
after many reflections, i.e. after a long delay. and 
in the form of reverberation will only have an 
adverse effect on intelligibility. Even if for a 
particular theatre the useful sound intensity has 
been found to be sufficiently large, it is still necessary 
to keep the reverberation period within reasonable 
limits by the provision of sound-absorbing materials. 


Optical Model Experiments 


The hall 


intended for theatrical performances for which 


of Philips Theatre was primarily 


it was essential to obtain a sufficient intensity 


Fig. 1. Models for examining the 
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of useful sound. On reconstruction of the auditorium 
it appeared desirable to obtain an insight into the 
magnitude and distribution of the useful sound 
intensity in the old theatre and in the new one 
for which plans had been drawn up. For this purpose 
model experiments were carried out in which the 
source of sound was replaced by a light-source and 
the resulting light intensity determined directly for 
different parts of the auditorium. 

The model of the hall is made of sheet aluminium 
(see figs. la and b), and a small lamp is used as 
a "sound-source" which can be placed in different 
positions. About 50 per cent of the light-rays 
impinging on the aluminium walls is reflected so 
that after three reflections the intensity of a light- 
ray is already reduced to about 10 per cent of its 
initial value and thus will no longer contribute 
much to the total intensity. The luminous intensity 
at each point in the model is, therefore, determined 
by the interaction of only a few reflected rays, 


“useful” intensity of sound in a hall. The source of sound 


is represented by a small lamp, shown at the bottom of the photograph. The walls of 
the model are made of aluminium which reflects about 50 per cent of the light-rays falling 
on it, so that, in accordance with the definition of the “useful” intensity, a ray after 
only a few reflections can just contribute to the illumination of the opal glass representing 
the audience. (In the pictures this glass has been removed in order to show the interior; 
in the upper half of fig. 1b, however, the opal glass representing the seating on the balcony 
is visible. Sound-absorbing surfaces in the hall are blackened in the model, e.g. the right- 
hand wall in fig. 1b. The brightness of the opal glass (see figs. 4, 8 and 11) represents 
the distribution of the useful intensity of sound. 


a) Model of hall of Philips *Ontspanningsgebouw" (Theatre) before reconstruction. 
P p 858 


b) Model of the same hall after reconstruction on the plans of Prof. Witzmann, Vienna. 


- 
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ie. the resultant luminous intensity is actually a 
measure of the useful $ound intensity. In the 
model the area occupied by the audience was 
represented by an opal glass plate with a low 


reflecting power!): The brightness of this plate - 


which may. be observed and photographed from 
‘the outside, gives a picture of the distribution. of 
sound intensity over its area. "E 

How far is our assumption that an ‘analogy 
exists between sound and light waves justified? 
We all know from, experience that sound waves 
per se exhibit an entirely different behaviour to 
light waves. Light. is propagated rectilinearly, 
undergoes simple reflection arid casts deep shadows. 
From a superficial glance, none of these properties. 
_appears to’ be shared by sound “waves. Sound 
travels round corners, does not throw deep shadows ' 
and on the whole does not appear to obey the laws 
of simple reflection to any extent (except in the 
case of echoes). but always seems .to undergo. 
scattered reflection. This. difference in’ behaviour 
is due to the difference in - wave-length; visible 


light is made up. of (ether) waves. with à wave- -- 


length from 0.4 to. 0.76 Vs. while audible sound - 
consists of atmospheric waves with a wave-length 
from 6 cm to 6 m, i.e. 100,000 to 10 million times 
longer. Waves which strike an obstruction will 
behave similarly if the dimensions of the obstruction . 
are the -same relative Xo the wave-length. Thus 
sound waves are reflected at surfaces: in exactly 
the same way as light waves, if the dimensions of 
the-surface are large as compared with the wave- 
length, although surface inequalities . which just 
permit a true reflection of sound waves may be 
far greater for these waves than for light waves. 
It is, therefore, necessary to use a perfectly smooth 
surface for light, while sound can still exhibit true 


1) The coefficient of absorption of the audience is taken as 
0.90 to 0.95. 


Áo 
reflection -at fairly rough-finished- walls. 


H 
d 


E 


therefore assume that sound in an auditoriu 


reflected in the same: way as the light-rays in our 
models. It is true this no longer applies to lows, 


frequency sounds,.as a hall usually contains many' 
surfaces which are not very large in comparison’ 
to these (long) wave-lengths. But the intelligibility 
of the spoken word depends in a large measure on 
just the higher. socalled characteristic: frequencies 


(thus whispered words in which the lw tones in "s 


particular are absent can be heard almost equally ` 
as well as loudly-spoken words). These frequenéies 


are in the neighbourhood of 1,000 cycles, “corre- l 


sponding to a wave-length of 30 cm. For these 
important, speech frequencies the light model can, 
therefore, be definitely employed. : _ 


Application of the Method 


Firstly a model was built of the hall before 


xeconstruction ( figs. la, 2 and 3). The length of 
i the hall was 34 m, its width 16 m and the m 


- height 9 m. At an earlier period the rear wall had . 
been completely covered with Akusti-celotex to 
suppress echoes. The floor sloped a little upwards. - 
The roof was supported by framework trusses and 
was of stepped construction with the vertical 
sections of glass, which were closed by roller 
shutters during performances. The trusses were 
completely covered by a panelling and thus formed 
transverse walls 1.8 m high. f 

On- making a closer examination of die distri- 
bution of brightness .on the opal glass of the-model 
(fig. 4), a feature which strikes one immediately is 
the abundance of light close to the stage, represent- 
ing the direct sound. Perhaps more striking still is | 
the fact that this intensity diminishes so rapidly 
to the rear, “much more rapidly i in fact than should 
follow ‘from the quadratic diminution in intensity 


“with, distance for a. point source of light. : The 


? l "Fig. 2. Longitudinal and: transverse sections through the hall of the ' Theatre before 
f reconstruction. The hall was very low compared to its length. Note the transverse 


partitions in the roof which are formed by the roof trusses. 
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Fig. 3. 


reflection at the ceiling, however, which is shown 
as a trapezoidal area of light in the foreground, 
has a very high intensity, much greater than that 
of the direct sound, although the distance from 
the source of sound along the reflected ray is much 
reflection a certain amount of 


greater and in 


absorption has taken place. 
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Fig. 4. Photograph of the opal glass in the model of the old 
hall (fig. la). The stage is on the right-hand side. The rapid 
diminution in illumination intensity towards the left may 
be noted: at the rear of the hall the useful sound intensity 
was far too small. The bright trapezoidal spot near the stage 
is due to reflection at the forepart of the ceiling (see text) 
which was not screened by the transverse roof trusses. 


Auditorium of the **Ontspanningsgebouw" 


(Theatre) before reconstruction. 


And yet this phenomenon is easy to account for. 
The brightness of the opal glass is determined by 
the quantity of light falling on unit area. The 
source radiates light with an equal intensity in 
all directions, so that the intensity of illumination 
is determined by the solid angle which the unit 
of surface subtends at the source. As the height 
of the source above the audience is not very great 
and the floor slopes only slightly, this solid angle 


diminishes very rapidly towards the back (fig. 5). 
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Fig. 5. Effect of reflection at the ceiling, In the normal case 
of a slightly sloping floor (auditorium P) the solid angle 
subtended by the audience at the sound source T decreases 
rapidly towards the rear of the hall. On the other hand, the 
solid angle subtended by the audience at the mirror image 
of the sound source above the ceiling D diminishes much more 
slowly: Reflection at the ceiling contributes more to the sound 
intensity than the direct sound waves. 
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Fig. 6. Longitudinal and transverse sections of the hall in the Theatre after recon- 
struction on the plans of Prof. Witzmann. The auditorium has been made shorter 
and higher (cf. fig. 2), and a balcony has been added, the seating accomodation being 


practically the same as in the old hall. 


On the other hand, the solid angle which the unit 
of surface (in the auditorium) subtends at the 
mirror image of the source above the ceiling is 
much greater in spite of the greater distance these 
are apart. It is thus clear that the audience receives 
far more energy fro, flected ray than from 


the direct ray ?). 


?) It may be argued against this that the sound receiver in 
the auditorium (the head of a person in the audience) 
is vertical and the solid angle it subtends at the stage 
must not be compared with a surface of the same area 
located on the sloping floor. It could thus be deduced 
that the sound intensity received by reflection at the 
ceiling could in no case be greater than the direct sound. 


The roof trusses prevent the sound reaching the 
back parts of the hall by reflection at the ceiling, 
so that in that area only the weak direct sound is 
received. The rear wall of the hall reflects the sound, 


This explanation would, however, not be correct: the seating 
and the audience, particularly in the projection perpendic- 
ular to the direction of the direct sound, in their parts 
have measurements of the order of magnitude of the 
sound wave-lengths and thus act as a single absorbing 
surface; or, expressed in other words, the seats or the heads 
of the audience screen off the sound by their diffraction 
effect, although one can see optically across the elements 
of this diffraction “grating”. Cf. Békésy, Z. f. techn. 
Phys. 14, 6, 1933, and Brillouin, Rev. acoust. 4, 113, 
1935. 


Fig. 7. Auditorium of the Theatre after reconstruction, as seen from the balcony. 
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not towards the audience, but also towards the 
ceiling, or rather to the roof trusses, so that this 
sound is also lost and only becomes audible after 
a large number of reflections as reverberation. It 
was, therefore, correct in this case to make the 
rear wall sound-absorbing. 

This model shows in a most convincing manner 
that in general the largest part of the audible 
sound comes from the roof, provided the latter is 
of suitable design. Further confirmation of this is 
the fact that in open-air theatres the spoken word 
is much less audible. To remedy this drawback, 
the benches are arranged on a steep slope or 
amphitheatre, and it is clear that as a result 
thereof the available solid angle through which 
sound is received is considerably increased. 

The second model made was of the same hall 
reconstructed on the plans of Prof. Witzmann 
of Vienna (figs. 1b, 6 and 7). The whole roof has 
been raised and a ceiling fixed under the trusses. 
The hall has also been made shorter and a balcony 
added, which runs further back than the lower part 
of the hall. The new dimensions are: Width 16 m, 
height 11 m, length 22 m, and length with balcony 
28 m. The seating accomodation has been left 
practically unchanged. The improved distribution 
of sound was immediately revealed by the new 
model (fig. 8). 


again receives a large percentage of direct sound, 


The forepart of the auditorium 


FTES 


Fig. 8. Photograph of the opal glass in the model of the new 
hall (fig. 1b). The stage is again on the right-hand side. The 
distribution of illumination (useful sound intensity) is much 
more uniform than in fig. 4. The rear part of the hall under 
the balcony is still fairly dark (see text and fig. 11). 


the middle of the hall reflection at the 
ceiling comes into play and transmits a satisfactory 


and from 


intensity of sound to the balcony also. The space 
under the balcony naturally receives no part of this 
reflected sound and is therefore shown in the model 
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How this drawback has been 


remedied is outlined below. 


as much darker. 

The side walls are panelled and hence absorb 
sound to some extent. The model and experiments 
in a “ripple tank" ?) (fig. 9) had already demon- 
strated that the sound falling on the walls of the 
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Fig. 9. Registration of waves in a ripple tank model of the 
cross-section of the new hall. By this means the effect of 
reflection at the side walls was investigated. It is seen that 
the waves are in the main reflected to and fro between the 
walls, so that they do not contribute much to the useful 
sound. intensity but only increase reverberation. 


auditorium did not have much opportunity to 
reach the audience as useful sound. After repeated 
reflection between the walls the bulk of this sound 
contributes to reverberation. The side-walls thus 
appeared to be the most suitable places for fixing 
the panelling, which was necessary to reduce the 
reverberation period to the desired value (for this 
purpose a certain degree of absorption at the walls 
is necessary). 

In this way the requirement has been met as 
far as practicable that the sound shall reach the 
audience either directly or after one or two reflections 
(with the largest possible solid angle) and then be 
absorbed. All other sound has to be absorbed to 
such an extent that the hall does not possess too 
small a reverberation period. The hall can therefore 
also be used for concerts for which a greater 
blending of sound is required, i.e. the sound-waves 
also after several reflections must reach the audience 
with sufficient intensity. 

It must still be outlined how the audibility under 
the balcony was improved. After the optical models 
had shown that the intensity there was too small, 
the area in question was examined in greater detail 


3) In these experiments a reduced section of the hall is filled 
with water and the propagation of small artificial water 
waves is studied. 


45277 
Fig. 10a. Path of a sound wave entering the space under 
the balcony B and reflected at the vertical rear wall. The 
wave is so to speak folded back by reflection at the underside 
of the balcony and again leaves this space without reaching 
the audience P. 


in the ripple tank. It was then found that the rear 


wall reflected an intense wave to the underside of 


the balcony, but which impinged against the latter 
at such a small angle of incidence that it was not 
reflected to the seats under the balcony (fig. 10a). 
The wave was as it were folded up and left the 
space as a concentrated packet of waves. passing 
just under the edge of the balcony. This difficulty 
was very easily remedied: If the rear wall is given 
a slight slope forward the sound waves are reflected 
directly to the audience in this part of the hall 
(fig. 10b). Naturally in doing this care must be 
taken that only the back rows are reached by the 
wave so that not too long an interval intervenes 
between the arrival of the direct sound and that 
of the sound reflected at the wall (echo). In the 
model the effect of the sloping rear wall was clearly 
demonstrated (fig. 11). 

Already during the inaugural performances in 
the new hall on October 11, 12, and 13, 1935, 
audibility was found to be very good in all parts 
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Fig. 10b. The same wave as shown in fig. 10a, but with a 
wall sloping slightly forward in place of the vertical wall. 
The entering wave is now immediately reflected to the audience. 


of the auditorium; later performances confirmed 
that at all points of the hall, also under the balcony, 
the words spoken on the stage were now clearly 
intelligible and no effort in listening was required 


whatsoever. 
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Fig. 11. Photograph of the opa glass in the model, as in 
fig. 8, but now with the rear wall under the balcony sloping 
slightly forward. The space under the balcony now also 
receives a satisfactory intensity of sound. 
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A HIGH- FREQUENCY FURNACE WITH VALVE GENERATOR 


w 
* 


Summary. An induction furnace employed i in the foundry of Philips works especially for 
+ . melting. charges of serap is described. -Alternating current of high frequency i is required 
as a power supply for the furnace and is generated. with the aid of a: transmitting valve i ; 


which has a useful output of 250 kW. 


To be of service to other finishing branches of 
its works, Philips have for some years been operating 
` their own melting shop and foundry, ‘which for 


example produces a chrome-iron alloy that can be: 


fused with glass to give a vacuum-tight joint and 
in view of this property is employed in a large 
number of apparatus. One of the commonest 
functions of the melting shop is to melt compara- 
tively small quantities of material under conditions 
guaranteeing a prescribed analysis within narrow 
. limits of composition. In this work great difficulty 


is usually. experienced with alloying constituents 


which‘ burn in air,” such as the carbon in ferro- 
alloys, or are very volatile, . such ‘as. zinc and 
cadmium in copper alloys. The electric arc 
furnace, which was originally used for all melting 
operations, did not conform with the increasingly 
severe requirements in‘ this direction, since a 


marked volatilisation. of the volatile constituents. 


was found to occur at "the electrodes whose temper- 
ature. was: about 4000 deg C. It thus became 
necessary to build a new melting furnace, which 
had to meet the following requirements: 

1) "The furnace must take a charge of 50 kg of 
‘iron, and also enable scrap and other waste 


1n materials to be utilised; 


2) The melting charge must be kept free ftom. 
all impurities; any contact with combustion 

gases or electrodes was therefore undesirable. 
3) To reduce the volatilisation of volatile con- 


stituents, temperatures. above the casting 
temperature must be avoided as far as possible. 
For the same reason the melting time must 


not exceed 15 minutes. 


'To meet these requirements, the method of eddy- 
current heating was adopted, ie. the heating of 
the melting charge by electrical eddy currents which 
are produced in the charge its elf t by alter- 
nating magnetic fields. 


‘by Northrup?), Ribeaud 3), 


' In this process the melting charge does. not in 
fact come in contact with éither combustion gases 
or electrodes. Ín addition, the fusing metal consti- 
tutes the hottest part of the furnace so that no 


‘temperatures: higher than the melting temperature 


occur. sot : 
The first attempts at utilising eddy. current 


heating for practical purposes were made some | 
` 


30 years ago (Soc. Schneider, Creuzot and 
O. Zander, 1905). Fundamental theoretical inves- 
tigations of the induction furnace: were carried out 
Wever and 
Fischer), - Burch. and Davis‘), Strutt5) . 
and others. Details about the: Sgeneral behaviour ` 
of an induction furnace will.Be given below in 
connection with the description of the Philips 
melting plant. It has been found that the efficiency 
of inductive heating in general increases with the 
frequency. The smaller the. pieces making up the | 
charge, the. higher are the frequencies required, 
If pieces of metal a few centimetres in diameter 
are to be melted with a satisfactory efficiency, 
frequencies from 5000 to 10000 cycles are found: 
to be necessary. 

A voltage of this high frequency cannot be readily 
and easily produced with ordinary generators. À 
transmitting valve was therefore employed, viz, 
Philips TA 20/250 valve which on correct adaptation 


EE AN 


can furnish a useful output of 250 kW (Yes r$. 


14000 volts, Iœ = 18 amps). This output is 
greater than that required for melting the charge 
in 15 minutes. 


1) Northrup, J. Frankl. Inst. 20, 240, 1926. 
2) M. G. Ribeaud, La technique moderne, 19, No. 8-9, 1929. 


3) F. Wever and W. Fischer, Inst. f Eisenforsch. ‘8, 149, 
1926. 


4) C. K. Burch and N. R. Davis, Arch. f. El. 20, 211, 1928. 


5) M. J. O. Strutt, Ann. d. Phys. 82, 605, 1927; Arch. f. 
EL 19, 424, 1928. 
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Description of the Induction Furnace 


The melting throughput of the plant was required 
to be 200 kg of steel per hour, for which about 
250 kW are drawn from the mains supply. The 
furnace plant can take a load of 300 kW so that 
it has an ample rating. The capacity of the melting 
crucible is 12.5 litres (diameter 20 cm and height 
40 cm) which when half charged represent 50 kg 
of steel. If material is added during the melting 
process, the total charge can be increased to 100 kg. 
As the time taken for the settling and removal of 
the slag and for casting is roughly the same as that 
required for melting alone, two furnaces have been 
installed which are connected alternately with the 
same electrical supply. The latter is therefore in 
constant service. 

The furnaces are so small and easy to manipulate 
that no casting ladles are required. The charges 
are poured directly into the moulds placed below 
the furnaces. In this way operations are continuous 
and regular, while with larger furnace charges the 
casting metal, after requiring a longer period for 
melting, must be distributed through one or more 
intermediate ladles to the various moulds and in 
fact with great speed, as otherwise the melt is too 
hot at the start or too cold at the end of casting. 


7 
l 
B A 


Fig. 1. Induction furnace. On the right-hand wall are the 
trunnions A and B which support the furnace during ser- 
vice. During heating the furnace rests in A and during 
casting in B. 


Figs. 1 and 2 show the furnace installed ready 
for use and with the side walls removed. The base 
and cover plates of the furnace are made of 
insulating material and are joined together with 
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brass angles. These plates support the fireproof 
crucible which is surrounded by an induction coil, 
being insulated from the latter by an earthenware 
jacket and a layer of asbestos. The self-induction 
of the coil is 0.125 millihenry; it is of single-lay 
and consists of 20 windings of rectangular copper 
tube, 12.5 by 25 mm, through which cooling water 
is passed during service. The diameter and height 
are each 40 cm. In the construction of the furnace, 
mutual insulation of the metal parts was provided, 


Fig. 2. Induction furnace with side walls removed. 


in order to avoid any short circuits in which 
powerful eddy currents could be formed. Owing 
to these precautions the brass units only become 
hand-warm. Iron which offers a much greater 
resistance to eddy currents would become red-hot 
under the same conditions. 

Fig. 3 is a general view of the furnace platform 
and shows the suspension of the furnace during 
the heating period (left) and during casting (right). 
During the heating period the furnace is supported 
by two axle bolts (one of which is visible in fig. 1) 
which are located just above the centre of gravity, 
thus enabling the furnace to be easily turned. When 
pouring the charge, the furnace is turned by the 
tension of a wire rope. The mouth then moves in 
a circle forwards and downwards until two other 
axle bolts, fixed in line with the axis through the 
mouth, drop into the corresponding bearings. 
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Fig. 3. General view of the melting plant. Behind the furnace is the switchboard for the elec- 
trical plant which heats the two furnaces alternatively. The door marked *Hoogspanning" 


is the entrance to the transformer room. 


This position has been reached by the right-hand 
furnace in fig. 3. With continued tension on the 
rope, the furnace turns about its mouth so that 
the stream of poured metal remains in one position 
and it is unnecessary to move the mould during 
casting. 


The Electrical Plant 


Fig. 4 shows the general lay-out of the electrical 
plant. The latter is made up of a high-frequency 
generator, an air-core transformer which reduces the 
voltage from 12500 volts, to 5000 volts, and 
the condenser C, which takes up the wattless current 
of the furnace coil. The self-induction of the furnace 
is represented by L and the non-reactive resistance 
by R. This non-reactive resistance is made up of 
the eddy current losses in the charge, the ohmic 
losses in the coil and the dielectric losses in the 
condenser. As the oscillating circuit of the valve 
generator is formed by the furnace coil L and the 
condenser C themselves, it always operates with 
the natural frequency of the L-C-circuit. At this 
frequency the impedance at the poles of the 


generator is a true non-reactive resistance, thus 
avoiding an unnecessary loading with reactive 
currents. The resistance is determined by the type 


P Sı 
C» 
CL 
L2 cS 
R 
P, S. 
2 2 IS25/ 


Fig. 4. Electrical lay-out of the melting plant. 


and temperature of the charge, but can also be 
altered by varying the capacity C*). 

This method is employed to maintain the loading 
resistance of the generator practically constant 
during the heating of the crucible. 


6) This naturally also alters the frequency of the alternating 
voltage applied to the furnace coil. 
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Owing to the variability of the loading resistance, 
the 


advance over the mechanical generator. To derive 


transmitting valve constitutes a marked 
the full output from a current generator the loading 
definite With a 
mechanical generator. however. the loading resist- 


resistance must have a value. 
ance cannot be varied in the manner described 
above because the frequency is generally fixed. It 
would therefore be necessary to alter the capacity 
C and the self-induction L simultaneously in such 


a way that the natural frequency 


of the oscillating circuit maintains exactly the same 
value as the frequency of the mechanical generator. 

Fig. 3 shows the switchboard of the transmitting- 
valve plant located at the rear of the platform. 
The door marked *Hoogspanning" is the entrance 
to the transformer room which also accomodates 
a large battery of condensers. Fig.5 shows a view 
of this room as seen from the door, while fig. 6 
shows half of the condenser battery. This battery 


is made up of 72 separate condensers. each of 


furnace. 


Transformer of high-frequency 
winding (outside) 12500 volts; secondary winding 5000 volts. 
Part of the battery of condensers may be seen on the right 
hand wall of the transformer room. 


Fig. 5. Primary 
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0.083 uF, which can be interconnected in four 
different ways. In the four positions of the switch 
drum. the following capacities are obtained: 


0.75 uF, 1.5 uF, 4.5 uF and 6 uF. 


Fig. 6. Half of the battery of condensers. The 72 condensers, 
each of 0.083 uF, are arranged in 8 series. 


The phase difference of the condensers is given by 
tg 0 — 0.007. In consequence of the high voltage 
and frequency of the current the dielectric losses 
are quite considerable. The dielectric losses N of 
a condenser are given by: 

: s ,2 G _.2 
N eC + V. ig ò z 1 Vo ig ò 
(al 
Substituting the respective numerical values: Vg = 
5000 volts, C — 6 uF and L = 0.09 millihenry, 
one obtains as a maximum value of the losses 


N = 45 kW. 


Table I collates the principal data relating to 
the high-frequency furnace. 


Table I. Operating data. relating to the high-frequency furnace. 


Frequency of alternating 


Capacity of condenser C 
? current 


0.75 ul 16300 to 18690 cycles 
l.5 uF 11600 to 12800 cycles 
1.5 uk 6700 to 7400 cycles 
6.0 uF 5800 to 6400 cycles 


Self-induction of coil: 0.09 to 0.125 millihenry (depending on 
the charge). 


5000 voltseit 
Max. 6400 kVA 
Max. 200 kW 
Max. 130 kW 


Voltage applied to furnace coil: . 
Apparent power 
Effective power 


Useful power in charge: 


a 


4 
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` The required rate of heating is readily attained | 


with the furnace. With a loss of 30 per cent as a 
result of thermal conduction and radiation, about 
18 kW-hrs. are required for melting 50 kg of iron. 
As under the most favourable conditions of @dap> 
(Cation, about 130 kW are furnished to the charge, 
the’ timè required for melting is-found to be 8.3 
minutes. The actual time taken 
longer, but even with the most difficult charge in 
the crucible only 10 to-15 minutes’ are required. 
In the case of metals with a higher conductivity | 
than i iron, the proportion of the total power supplied . 
which is absorbed by the charge is naturally smaller. 
Nevertheless aluminium, silver and copper can also 
be melted in this high-frequency furnace. At a first 
glance this appears surprising, since for instarice a 
charge of copper shavings can in no case be heated 
to-a higher temperature than the copper induction 
coil itself, if the diameter of the shavings is not grea- 
ter than that of the copper tube of which the coil is 
1nade. This shows quite clearly that water cooling 
is imperative. Cooling keeps the resistance of the 
induction coil low, while the resistance of the 


charge rises as a result of heating to about 4 times ` 


its initial value, 


Discussion of the Method of Operation of the High- 


Frequeney F urnace 


Omitting all consideration of the processes in 
the high-frequency furnace itself, we can regard it 
as a loading impedance with an inductance L and 
a'resistance R. For the plant in question we thus 
obtained the diagram shown in fig.4. At the 
resonance frequency, the secondary terminals S, 


' and S,, of the transformer are loaded with a non- 


reactive resistance W, which in the case of a 
sufficiently small damping resistance R7) of the 
oscillating circuit, is given approximately by: 
L 
W = CR 
As already pointed out, the commutable capacity C 


is so adjusted that the resistance W approaches as 
close as possible to a specific optimum value Wg. 


. In this case Wis 127 ohms. The resistance across 
. the primary terminals of the transformer is then 
Wp = Ws times squared transformation ratio = - 


127 x 6.25 = 720 ohms.” 
“Ttiis thus equal to the internal resistance of 
the fransmitting valve. 


g 
signifies Ke « 1, 


"Te 


7) "Small damping" 


is of course | 
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A somewhat closer insight into the process of 
heat evolution in tlie furnace is obtained by 
regarding the furnace coil as the primary winding 
of a transformer whose secondary winding con- 
stitutes the path of the current in the charge. This 
is shown in the diagram in fig. 7 where the indices 1 


R2 
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Fig. 7, Substitution diagram for high-frequency furnace. 

Ia "and R, are the self-induction and resistance of the furnaée 
coil. L, and R, are the self-induction and resistance of the 
charge. The mutual induction is represented by M. 


relate to the furnace coil and the indices 2 to the 
current path through the charge. 

Owing to the mutual inductance M the resistance 
of the charge is imparted to the primary coil. In 


. order to obtain a satisfactory efficiency, this resist- 


ance Ry which is coupled to the input ‘side must 
be as large as possible &ompated. with the ‘input 


resistance R,. The powers input is, PRF EON 
N=I (S za Ry) i i E 
and. the efficiency » n : B p 
"ux ONE AMA 

I = > RE 
ZR MEL M 


If o is the frequency of the dcns current 
expressed in circular meagan; one obtains bya 
siniple, calculation. ! 


xc R, M? o? "es 
K = (02 Lj. RR?! = . (1) 


Equation” (1) is derived from the transformer equations: 


Aa oh) + hte MU i . ` M 
hh M dd Gu La ER) = 0, 


which express the elatignabip between the primary voltage 
U, and the primary and „secondary currents /, and lz, pum 
pale Ip from tiese equations, one obtains: 
jols B o? M? 
o? Lg + Re | 


Fa ILU, Rose gt MAT 
[n at dts - 


The third and fourth terms in this expression give the additional 
resistance Ry. and a corresponding (negative) -additional 
inductance. ' i 


SB he PHILIPS TECHNICAL REVIEW . 


- The variation of Rx with respect to: w is shown 


in fig. 8. This' diagram shows (Rx/R,). (MP) 


plotted against (oL,/R;). - 

It is seen from the curve that Rx at "e rises 
quickly with the frequency, eventually to become 
asymptotic to the limiting value: Ry > R, M?/L,?. 


Fig. 8. Coupling resistance Rk plotted against the frequency. 
When o L/R, = 3, Rg assumes 90 per cent of its asymptotic 
limiting value. : 


As already stated, a high coupling resistance is 
. required in order to obtain a satisfactory efficiency. 
The frequency must therefore be made so high that 


the limiting value is almost obtained. On the other ` 


hand, it is desirable to keep the frequency as low 
as possible since at a given output the losses 
exterior to the furnace as a rule increase with the 
frequency. We shall therefore stipulate a coupling 
resistance of only 90 per cent of the limiting value, 
which according to the graph (8) corresponds to 
the condition that: . 
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` Fig. 9. Intensity of eddy currents produced i in a metal cylinder 
by a homogeneous magnetic field in the direction of the axis. 
The arrows indicate the direction of the eddy currents. 


A further increase in the frequency (in radians) 
would result in very little improvement of the 
efficiency. 

The substitution of a a self-induction L,anda resist- 
ance R, for the electrical properties of the charge 
asks for a.further comment. The distribution of 


— S Poon « « B 
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the eddy currents in the charge depends on -the 


frequency of the magnetic field, and as ‘a result 
L, and R, also vary with the frequency. 

In order to visualise the distribution of the eddy 
currents, consider firstly the limiting cases at very 
low and very high frequencies. Consider a cylinder 
whose axis is parallel to the magnetic field (fig. 9). 
It is well known that the induction currents are in 
such directions that within the metal they weaken the 
magnetic field. If the frequency is sufficiently low, 
the induced voltages and currents are, however, so 


small that the weakening of the field can be 
neglected. In this case the distribution of current 


shown in fig. 9 is obtained. The current density is 
zero along the axis and increases in proportion to 
the radius. 

The higher the frequency, the — will be the 
weakening of the magnetic field in the interior of the 
cylinder. At the same time the eddy currents in 
the interior also become weaker and with rising 


. frequency we get in succession. the current distribu- 


tion curves II, III and IV shown in. fig. 10. In 
the limiting case of a very high frequency the 
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Fig. 10. Intensity of the eddy currents produced in a cylinder 
at different frequencies. Owing to the natural magnetic field 

of the eddy currents, the total field is not homogeneous, 
but greater at the walls than in the interior. With rising 
frequency the current distribution is altered from I (see also 


fig. 9) to II, AH and IV. 


` current fiw merely dene a thin layer at the. 


surface. | 

We shall reserve the opportunity of returning 
to these interesting phenomena ‘in greater detail 
in a subsequent “igsie of this periodical. Closer 
investigation shows that the condition wL,/R, >'3 ` 


in every case leads to such a high frequency that 


the displacement of the magnetic field from the 
interior of the pieces making up the charge already 
becomes very pronounced. The current | flows 
through a layer at the surface, whose thickness 
at a given frequency is only’ slightly dependent 
on the sizes of the pieces. In this case the fraction 


wes 
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of the self-induction value L, due to a single piece 
` (e.g. of spherical shape) will. increase with the 
volume, while the resistance R, will be practically 
independent of the size of the piece. As a result 
the ratio L,/R, will increase with the size modulus. 
The smaller the pieces making up the charge, the 
higher therefore will be the frequency required in 
_ order to make wL,/R, sufficiently large. 

With the frequencies of 6000 to 7000 cycles | 
here, the condition wL,/R, > 3 is still met with 
pieces a few centimetres’ in size. In general the 
policy will be not to use the frequencies higher 
than are absolutely necessary, as the generation 
of high-frequency. alternating currents with «a 
satisfactory efficiency becomes progressively more 
difficult as the frequency is raised (e.g. owing to 
the increase in the dielectric losses). 


Convection Currents in the Melt 


A particularly valuable characteristic of. the 
induction furnace is the production of convection 
currents in the melt by the action of electro- 
magnetic forces, which promote a rapid and uniform 
intermixing of the ‘alloying constituents. The 
magnetic field acts on the conductor of eddy 
' currents with a(gravitational Torce directed inwards «, 
(the eddy currents are in a direction opposite tó 
the current through the coil). The pressure in the 
fluid mass therefore increases towards the centre. 
Fig.11 shows diagrammatically the distribution of 
pressure in the melting crucible, which curve can 
also be regarded as a contour of the/free surface» 
- As near the surface of the melt the magnetic field, 
is not homogeneous, the pressure caused by the 
magnetic forces will vary with the height. This 


 HIGH-FREQUENCY FURNACE WITH. VALVE GENERATOR 


59 


leads to the formation of convection currents, which 
are marked qualitatively in fig. 11. With eddy cur- 
rents of a given intensity, the pressure causing the 
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Ju, 


1$2€0 


Fig. 11. Convection currents in the molten metal. Above: 
first curve, current distribution i; second curve: pressure P, 
produced by magnetic forces. 


convection currents is proportional to the magnetic 
field. In a practical sense this signifies that convec- 
tion decreases with rising frequency, for the greater 
the frequency, the weaker are the magnetic fields 
required to generate the requisite eddy -currents. 


, Compiled by G. HELLER. 
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PRACTICAL APPLICATIONS OF X-RAYS FOR THE 


EXAMINATION 


By W. G. 


Two examples are given here of the examination 
of materials by means of X-rays in which the differ- 
ence in the properties of the preparations examined 
is not due to a difference in chemical composition. 
but to a difference in texture. i.e. in the arrange- 
ment of the crystals of which the substances are 
built up. 

The "scattering" of X-rays by crystals may be 
visualised as a reflection of the rays at the planes 
which are formed by the atoms in the crystal; 
this it 
in which the crystallites do not assume a preferred 


from may be deduced that a substance 
orientation gives rise to lines in the X-ray pattern 
which are uniformly black throughout their whole 
length. If. onthe other hand. the crystallites have 
a certain preferred orientation (as is always found 
for instance in worked metals and also in many 
natural substances). the rays are reflected more 
strongly in certain directions than in others, and 
hence the blackening of the X-ray lines varies 
along their length. 

In the limiting case where the rays impinge on 
only one crystal, this effect may be so pronounced 
that the lines are resolved into discrete points. 
whose arrangement then corresponds to that of the 
planes in the crystal lattice, i.e. to the symmetry 


of the crystal (Laue-photograph). 


3. Quality Tests on Soapstone before Firing !). 


Soapstone is a soft material which can be worked 
to exact dimensions. After suitable shaping it can 
be converted by firing (heating to about 1200 deg. C. 
during which about 6 per cent of water is given 
off) into a compact, hard and heat-resisting stone. 
During firing it frequently happens that certain 
places swell and as a result cracks appear which 
make the product useless. It is desirable to be 
able to detect and reject these pieces before firing. 
and as it appeared probable that the cracking was 
associated in some way with certain structural 
characteristics, examination by means of X-rays 
was indicated as offering a possible solution. 


1) W. G. Burgers and J. Hoekstra, Polytech. Weekblad 
29, 443. 1935. 


OF MATERIALS 


II. 


BURGERS. 


Fig. la shows a radiograph of that part of the 
raw material which did not swell on subsequent 
firing, while fig. 1b is a similar exposure of another 
part where swelling actually took place later. 
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a) b) 
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Fig. 1. Radiographs of steatite before firing: 
a) of a place which did not swell on subsequent firing, and 
b) of a place which later swelled on firing. 


An examination of these exposures reveals the 
same system of interference rings ?) in both. But 
that the 
intensity distribution is uniform round the periphery 


there is a fundamental difference in 
of the rings in exposure la, but varying in 1b, where 
certain intensity maxima appear round the circum- 
ference. This enables us to conclude that while there 
is no essential difference in composition at swelling 
and non-swelling places (identical systems of rings 
are obtained) there is yet a difference in texture: the 
places swelling on subsequent firing reveal that the 
crystallites favour a pronounced directional con- 
figuration (fibro-crystalline structure). Thus with- 
out entering into an analysis why this difference 
in structure causes a swelling during firing, we 
have evolved a method for testing the quality 
of soapstone before the firing process. 

Natural and Cultured 


4. Differentiation between 


Pearls 


A natural pearl is built up of concentric layers 
of calcium carbonate (mother-of-pearl) which have 


2) That here complete circles appear, while in the reproductions 
included in the first article (cf. this Review 1, 29, 1936) 
the lines consisted only of circular arcs, is due to the 
method of registration. If it is only required to determine 
the relative positions of the rings, it is sufficient to use 
a narrow strip of film cut along a diameter of the circles. 
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been deposited by the oyster round any available 
nucleus (e.g. a grain of sand). Each layer consists 
of crystallites with a sixfold symmetry, the axis of 
each crystallite being perpendicular to the layer. 
This structure is shown schematically in fig. 2a. 


A “cultured” (or Japanese) pearl is obtained by 


a) b) 

Fig. 2. Diagrammatic representation of the structure of a 

natural and a cultured pearl. 

a) The natural pearl is made up of concentric layers of 
mother-of-pearl (crystallites of calcium carbonate). 

b) The cultured pearl consists of a nucleus of plane layers 
of mother-of-pearl, on the outside of which several thin 
concentric layers have become secreted. 


inserting in the oyster a bead of mother-of-pearl 
cut from an oyster shell. This shell is built up of 
plane layers of mother-of-pearl with the sixfold 
axis of symmetry of the individual crystallites 
again arranged perpendicular to the layer. The 
nucleus of a cultured pearl therefore has a structure 
as shown schematically by the horizontally shaded 
section in fig. 2b. Round this “nucleus” the oyster 
deposits several thin concentric layers so that in 
external appearance the finished cultured pearl 
cannot be distinguished from a natural pearl. 

If now a narrow beam of X-rays is brought to 
impinge on a natural pearl in any direction, the 
rays will always be perpendicular to the layers, 
i.e. parallel to the axis of the hexagonal crystals 
of calcium carbonate. On the other hand with a 
cultured pearl, the rays will as a rule not coincide 
with the direction of the crystal axis ?) (the external 
concentrie layers are so thin that compared to the 
pearl as a whole their effect can be neglected). 


From the connection between the symmetry of 


*) Such coincidence would only be obtained if the X-rays 
accidentally impinged on the pearl in a vertical direction 
in the figure. A second exposure made after slightly turning 
the pearl would, however. soon bring this to light. 
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the erystals and the X-ray pattern (which is pro- 
duced by reflection of the rays at the crystal lattice 
planes) referred to at the beginning. it follows that 
the patterns obtained with a natural pearl must 
always exhibit an arrangement of dots with a 
sixfold symmetry, which latter cannot be obtained 
with a cultured pearl. Figs. 3a and 3b confirm this 
conclusion, and show that it is indeed possible to 
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a) b) 
Fig. 3. a) The diffraction pattern of a natural pearl always 
exhibits a sixfold symmetry. 
b) A cultured pearl gives another type of pattern. 


distinguish between natural and cultured pearls by 
means of X-rays 3). 

This method, together with other (e.g. optical) 
methods, is employed in practice by jewellers. For 
this purpose a special apparatus has been deve- 
loped. which is shown in fig. 4. 


Fig. 4. The Philips pearl-testing apparatus. On the right hand 
is the “Metalix” X-ray tube mounted horizontally on four 
legs. On the tube the camera is fixed containing the support 
for the pearls to be examined. At the rear on the left is the 
high-tension transformer, in front of it the switch. 


t) The principle of this method has been indicated by 
J. Galibourg and F. R yziger. Revue d'Optique 6, 97. 
1927. 
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SHORT NOTICES 


| Dosage control in X-ray Laboratoriés'and Works 


X-rays can exercise a healing action on diseased 
tissues as well as cause serious injury to healthy 
tissues. In both cases a specific "dosage" of rays 
is necessary before the respective effects are pro- 

' duced. Originally the dosage of X-rays was indeed 
defined on the basis. of' their biological action, an 
exposure to the radiation being taken as a unit 
dose, viz, 1 HED, when it just sufficed to produce 
an erythema (sunburn) on the human skin. Today 


this biological definition of dosage has been replaced 


by a physical one which is more accurately repro- 
ducible and which is based on the ionisation action 
of the. X-rays (air being rendered an electrical 
. conductor). This physical unit is the “Röntgen” 
(abbreviated *r"), and is equivalent to 1/600 HED. 
Where a person working with X-rays is exposed 
to accidental (stray) radiation, it has been laid 
down that the dosage-of exposure must not exceed 
0.2 r per day.-Experience has shown that when a 
person is exposed to this maximum radiation even 
over a long period no ill effects need be feared. In 
modern X-ray tubes, such as the Philips “Metalix” 
tube, carehasbeentaken thatoutsidethe useful beam 
of.rays the dosage is always below.:ih's limiting 
or tolerable dose. There is thus no danger what- 
Soever outside the actual X-ray beam in the use 
of'all permanent X-ray installations designed for 
specific purposes, such as diagnosis, therapy or the 
radiographic examination of materiale. But in 
laboratories and in works making X-ray apparatus 
fairly frequent exposure of the research worker or 
the workman to the action of the rays cannot be 


avoided. Naturally in these cases one must not wait- 


until the exposed person begins to show the symp- 
toms of harmful exposure to therays before providing 
some form of special protection: it is essential to 
test continually whether those working in such 
exposed positions are being exposed to a daily 
dosage below the tolerable maximum of 0.2 r or not. 

In the Philips X-ray laboratory and works, this 
is done by providing each person with a small 
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cassette containing an X-ray film, which is always 
carried in the pocket. Every week this film is 
developed and the intensity of blackening measured 
photometrically, from which is calculated the X-ray ' 
dosage which has fallen on the film and to which 
therefore the person carrying the film has been 
exposed. The blackening of thé film is not fully 
determined by the dosage, but is also dependent 
on the hardness (wave-length) of the X-rays; this 
can be taken into consideration in a simple way. 

In many occupations it is natural that not the 
whole body of the exposed person receives the same 


dosage. ‘Thus, in the case of a physician who 


frequently must place his hands in the useful beam 
of X-rays, these will be exposed to the. action of the 
rays far more than any ‘other part of the body. In this ` 
case a small film is carried on the hand or wherever 
the greatest exposure to the rays may be expected. 


‘ 


Brightness greater than on the sun 


l Brightnesses greater than those on the sun were 
recently produced in the Philips: Laboratory by . 
further increasing the wattage of the water-cooled 
super-high-pressure mercury vapour lamp described 
by Bol (De Ingenieur 50, E 91, 1935). Theoretical 
considerations of Elenbaas indicated that by 
reducing the diameter the brightness would be 
increased, and a lamp was therefore constructed 
with an internal diameter of 1 mm and an external 
diameter of 3!/, mm, which with electrodes 10 mm 
apart and an 805-volt alternating current took a 
load of 1400 watts. The luminous intensity with this 
load was 11,000 candle-power and the pressure 


` about 200 atmos. Along the axis of the discharge 


the brightness was 1,160,000: candle-power per sq. 
in. this was measured by passing a photo-electric 
cell with a small slit parallel to the axis of the 


. discharge tube across an enlarged image of the lamp. 


Seen from the earth, the brightness at the surface 
of the sun is only 1,065,000 candle-power per sq. in. . . 
(according to the International Critical Tables). 
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ABSTRACTS OF RECENT SCIENTIFIC PUBLICATIONS OF THE 
N. V. PHILIPS' GLOEILAMPENFABRIEKEN - 


Balth.van des Pol, Interaction 
of radio waves, II (T. Ned. Radio 
Genootsch. 7, 93-97, Sept. 1935). - 


No. 1036: 


` This report contains the conclusions drawn 
* from 1823 observations of the interference produced 
` jn the modulation of radio waves reflected by the 
Heaviside layer. These observations which 
were made by 30 radio workers in different parts 
-of the world relate primarily to the interference 


with reception of a numb r of European radio 


stations caused by a Morse signal specially radiated 
for this purpose by the Luxemburg transmitter. 
It is found that the effects produced by a station 


with a long wave-length on transmitters of long ` 


and medium wave-lengths are of the same order 
of magnitude. The effect has a monotonic decrement 
as the distance increases, between the interfering 
‘station and a point midway between the station 
searched for and the observer. If this distance 
exceeds 600. km, interference is practically negli- 
` gible. The observations made show that interference 
is due to the non-linear conductivity of the iono- 
sphere, and also give a closerin-ightinto the manner 
‘radio waves are reflected at the ionosphere.- 


No. 1037: J. A. M vn Liempt, Die Be- 
rechnung der Auflockerungswürme 
der Metalle aus ` Rekristallisations- 
daten (Z. Phys. 96, "de 541, Sept. 


1935). 


: A formula is derived for calculating the ae . 


required for di.integra'ing the crystal lattice of 
metals from recrystallisation data. This energy 
expressed in cals. per gram-atom is approximately 
: 4.6 times the socalled recrystallisation constant; 
more roughly still, this energy is proportional to 


the melting poin', the factor of proportionality — 


— being 32 cals. per degree. This relationship is in 
close agreement with observation. In conclusion 


the author discusses Lan gmuir's and his own - 


diffusion formulae, referring inter alia to various 
stil obscure diffusion phenomena. : 


*) A sufficient number of reprints for purposes of distribution 
is not available of those publications marked with an 
asterisk (*). Reprints of other publications may be obtained 
on application from Philips Laboratory, Eindhoven, 
Holland. 


J. G. C. Stegwee: Het harden van 

` snelstaal met hoog’ kobaltgehalte 
(Metaalbewerking 2, 34l- 949. Sept. l 
1935). 


No. 1038*): 


A practical ‘method for hardening a high-speed 
tool steel containing 18 per cent tungsten and 15 
to 18 per cent cobalt is described. It was found, 
inter alia, that in tools which have been hardened: : 
in oil from temperatures above 1300 deg. C, fracture 
immediately took place as a result of hardening 
cracks. This was avoided by hardening in com- 
pressed air. In order to obtain adequate hardening, l 
it is essential to anneal twice at 620 to 630 deg. C 
for 15 to, 30 minutes each time. A single. annealing 
for a longer period is not sufficient. 


E. J. W. Verwey: The structure of , 
the’ electrolytical oxide layér' on . 
A 91, 


X^ 


No. 1039: 


. aluminium (Z. Kristallogr. 
317- 320, Sept. 1935). 


. A structure is proposed ` for pubis 7'- À1,0s 
obtained by electrolytic oxidation of aluminium. 
The elementary cell according to this structure 
contains 4 negative O ions -in a space-centred 
configuration. Of the positive A13* ions 2?/, are 


present in each elementary cell, i.e. they are 


distributed statistically over all the spaces between-- 
the O?^ ions, and in such a way that 70 per cent 
of the Alèt ions have the, co-ordination number 
6 with respect to oxygen and 30 per cent the co- 
ordination number 4. The modifications y'-A1,0, 
and 7-Al,0, represent intermediate cases between 
the amorphous state and that with a complete 
atomic arrangement. 


No. 1040: E.J. y. Verwey: Incomplete atomic ' 
arrangement in crystals (J. chem. 


Phys. 3, 592-593, Sept. 1935). 


With respect to their positive ions, y-Fe,03,7y-A1,0; - 
and y’-Al,03, which is produced on electrolytic 
oxidation of Al, possess a structure which can 
only be defined statistically. The two modifications - 


.. of y and y’ have indeed the same oxygen lattice, 


although they differ in the incompleteness of the 
arrangement of the negative ions. These structures 
represent transition stages between the amorphous 
state and the complete atomic arrangement. . 
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J..À. M. van Liempt: De wet voor 
overeenstemmende toestanden ‘van 
roosterherstel (Chem. Whi. 32, 
546-550, Sept. 1935). 


No. 1041: 


If a piece af metal which has, been, worked or 
shaped is heated. w a sutfieienitly high temperature 
for some time, a “recovery” of`its’lattiċe takes 


place. On heating for different periods (t secs.) to. ` 


different temperatures (T deg. abs.) “corresponding 
states" of lattice recovery are obtained, if T' (13.5 
+ leg t) is a constant. This formula is in satis- 
factory agreement, for instance in the case of brass 
and pure copper, with practical experience. 


P. G. Cath: Het gedrag van metaal- 

draadlampen bij het branden op 

wisselstroom (Ingenieur 50, E 101-104, 
` Aug. 1935). 


No. 1042: 


The temperature of the metal filament fluctuates 
when electric lamps are run from an alternating 
current supply. These fluctuations are calculated 
in this paper and represented. in a diagram. In 


` addition it is stated for a certain mean temperature 
how many times the vaporisation, the luminous 
. intensity and thermal emission of electrons from . 


the filament is greater with alternating current 
than the corresponding values for direct current. 


No. 1043: K. F: Niessen: Erweiterung einer 
2. . 2 früheren Formel für die Erdabsorption 
E ` in der drahtlosen Telegraphie (Ann. 

Physik 24, 31-48, Sept. 1935). 


The author calculates the absorption by the 
earth of radiated wireless waves for various types 
of surface strata (sea water, fresh water, wet and 
dry.soil) and for various dipole levels above the 
surface of the ground, the latter within certain 


2 limits. It is 3 shown that the wave-lengths may also 


E 
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assume values in which the densities of the displace- 
mient and conduction currents in the earth are in 
any arbitrary ratio. 


J. Sack: A new method for the 
investigation of .the transfer of 
: material through the welding , are 
(Symposium on the welding of iron 
and steel, organised by the Iron and 
Steel Institute; London, May 1935, 
vol. 2, 553-559). 


No. 1044; | 


The drop transfer from the welding electrode to 
the work-piece i is registered by means of the slow- 
motion camera. For this purpose the welding 
process is illuminated with X-rays. Compared to 
exposures with ordinary light, these rays offer the 
advantage that the formation of metal drops 
within the coating of the electrode can be recorded. 
In addition, the definition of the pictures is not 
adversely affected by the clouds of gas and vapour 


surrounding the welding arc. (See the short article - 


'on this subject in No. 1 of this Review, p. 26). 


No. 1045: J. A. M. van Liempt and J. A. de 


Vriend: Eine einfache Methode zur 


Bestimmung der Farbtemperatur von . 


 Blitzlichtern (Z. .wiss. Photogr. = 
237-240, Oct. 1935), 


The colour-scale temperature of flashlights can- 


not be determined by the ordinary spectro-photo- 


metric method, as their duration is too short. It 
is therefore necessary to employ exposures : of 


Lagorio’s. colour scale on panchromatic plates, 


obtained with both flashlights and different light- 
sources of known, colour-scale temperature. A 
colour-scale, temperature of approx. 4000 deg. abs. 
is found for magnesium, aluminium and alloys of 


l these two metals burning in oxygen. 
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Philips. Technical: Review 


DEALING WITH TECHNICAL PROBLEMS 
. RELATING TO THE PRODUCTS, PROCESSES AND INVESTIGATIONS OF 
N.V. PHILIPS’ GLOEILAMPENFABRIEKEN ` are 
EDITED’ BY THE RESEARCH LABORATORY OF N.V. PHILIPS’GLOEILAMPENFABRIEKEN, EINDHOVEN, HOLLAND 


A NEW METAL RECTIFYING VALVE. WITH DEUEEURY CATHODE 


Summary. The new type of rectifying valve with mercury cathode described in this article 
has a cathode chamber which is made of metal and is water-cooled. Owing to the use of 


` By J. G. W. MULDER. ay ST e 


sr T ME * 


chrome-steel the pump which has hitherto been necessary with metal rectifier chambers ^'' ' 

' has been dispensed with. The valve is of the single-phase type, whereby its construction has 
been much simplified and at the same time its dimensions considerably reduced. The . 5*9... 
new type of rectifier is designed for medium and high powers corresponding to current ^* | MEL E 


intensities. of about 50 to several hundred amps per unit. . um 


"E 


Introduction 


For the rectification of high powers, stocking 
- valves with a mercury cathode!) are particularly 
suitable, owing inter alia to their ability to with- 


stand overloading. The development . of these 
rectifying valves has resulted in the production 


of two main types, the glass valve and the metal 
valve. 

Where high powers have to be rectified the main 
difficulty in the design of rectifying valves, as in 
many other branches of electrical technology, 
has been the dissipation of the heat generated. 
This problem is dealt with by introducing a system 
of artificial cooling, a current of water being the 
most efficient. Water cooling is most suitably 
carried out with a metal valve body and has led 
to the construction of mercury cathode rectifiers 
with iron jackets for currents above 1000 amps, 
which are equipped with a water-cooling system 
and a high-vacuum pump. The latter was essential 


1) This term appears to us more suitable than that in common 
use hitherto, viz, “mercury rectifying valve", as thermionic 
rectifying valves nowadays also frequently contain an 
atmosphere of mercury vapour. 
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in this class of rectifier, vas hydrogen ions present 
in fhe water diffuse through the iron walls. But 
the need for high-vacuum pumps in order tó em- 
ploy water. cooling had many disabilities, sirice 
the presence of the pump, in spite of the.use. of. 
automatic regulating devices, called.for more careful 
supervision of these rectifiers than was required 
with sealed rectifier -valves. — vi us 

For this and other reasons metal rectifier valves 
were not constructed for currents below 1000 amps. 
In the glass valves which were used for these 
ratings, the dimensions had to be very large in order 
to provide for the necessary dissipation of the heat ` 
generated. But there is naturally an upper limit 
in dimensions to which glass bulbs can be manufac- 
tured. So that if with the maximum practical 
dimensions the valve was still unable to dissipate 
all the heat generated, it became imperative to ` 
adopt more intensive air cooling. i l 

„At the Philips Works a new type of metal 
single-phase rectifying valve with mercury cathode 
has now been evolved which, like glass valves, 
is , used 
which is 


in a sealed condition. In this valve 
intended for a power range at 
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present catered for by glass mercury-cathode 
rectifying valves (and even for still higher powers) 
the same advantages are offered as by the iron 
types rated for high powers, while the pump 
necessary in the latter has been dispended with 
in the new rectifiers. This, new type of rectifying 
valve is described in the present paper *). 


Construction of the New Type of Valve 


A diagrammatic section through the valve is 


shown in fig. 1. The cathode is a pool of mercury 


— t5450 


Fig. 1. Section through new type of mercury-cathode rec- 
tifying valve (schematic). The cathode K is a pool of mercury 


. in a chrome-steel chamber, and the anode A a graphite block. 


The chrome-steel chamber and the glass anode insulator | 
form a hermetic seal. The chamber is cooled with water 
which flows in at W, and flows out at W,. An auxiliary anode 
a with a magnetising coil m provides ignition. 

K contained in a chrome-steel chamber. The latter 
is cooled by a current of water which circulates 
between the wall of the valve and a metal cooler 
which is screwed on to. the outside for this purpose. 
The use of chrome-steel enables the valve to be 
sealed without raising any difficulties regarding 
the maintenance of a vacuum, since no hydrogen 
diffuses through chrome-steel into the valve as 


_was known in this laboratory from the experience 
with water-cooled transmitting valves. The general 


design is, however, here the exact reverse to that 
adopted with transmitting valves, for in the latter 
the chamber acts as the anode, while here it is 
the cathode. The chamber is pressed from a single 
piece of sheet metal. l 

A partition has been fitted inside the cooler to 
avoid water remaining at rest in “dead” ends. 
The chamber is as a result uniformly and effectively 


` cooled, and the greater part of the discharge takes 


place in this highly-cooled metal system. 
The glass anode insulator I forms a hermetic 
seal with the edge of the cathode chamber. The 


.?) In the design and testing of the new valve, . valuable 


: assistance was rendered by Mr. Lems. > 
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head of the cathode insulator with the two cylinders 
mounted on it is pressed in one piece. The two 
welded joints are produced by machine. 

The anode A is a graphite block. The valve is 
started in the usual way by an auxiliary anode a,’ 
which can. be moved. up and down: through a short 
distance. At the beginning an auxiliary direct 
current which has been, rectified independently 
flows through the auxiliary anode and a mag- 
netising coil m connected in series with it, which 
then draws the auxiliary anode out of the mercury. 
The arc generated.in this way ignites the actual 
discharge. 

The temperature of. the inode ihsulatok I must 
be kept below a specific maximum in order to 
avoid damage, while on the other hand it must not 
fall below.a certain minimum in order to prevent 
mercury condensing on the inner wall during the 
running of the valve. All mercury, which is volatil- 
ised from the cathode spot.must become deposited 
on the metal walls before it can reach the anode; 
if there is mercury on the anode back-firing may 
occur. 


The. design of valve shown in fig. 1 is suitable: 
For: higher voltages special 
cooling and de-ionisation walls must be introduced . 


for low voltages. 


in the usual way. in the discharge path of the 
valve. One or-more of these walls inày.be suitably 
insulated and then.act às a control grid. In their 


‘place, however, the auxiliary anode a can also be 


replaced by an ignition unit permitting the ignition 
time to be displaced, as required, with respect to 
the phase of the anode voltage. 

The complete valve mounted in its cooler is 
shown in fig. 2. i 


Single-phase or Polyphase Valves 


Hitherto rectifying valves with mercury cathodes 
have always been of polyphase construction, i.e. 
with an anode for each phase of the polyphase 
alternating current and a single common cathode 
for all phases. There are various reasons for this 
policy. In the first place the polyphase mercury- 
cathode rectifying valve is more stable in service, ` 
as the anodes assist each other when starting up. 
The generation and maintenance of the cathode 
spot is indeed the weakness in all designs of this 
type of rectifier ?). Secondly, in a polyphase valve 


3) Thermionic rectifiers are certainly more convenient in 
this connection, where the heated cathode is always 

. ready for emitting electrons. Directly-heated or indirectly- 
heated hot-cathodes for emission currents of. several 
hundred amps are indeed feasible, but introduce a num- 
ber of practical difficulties. f E 
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a single common auxiliary ignition-system can be 
used for starting up in all phases. This system 
consists of an ignition anode and two auxiliary 


i 


Fig. 2. Construction of the single-phase metal rectifying 
valve shown diagrammatically in fig. 2. 


anodes for which an auxiliary current of several 
amps is independently rectified and smoothed. 
There is still another important reason for building 
mercury-cathode rectifying valves always on the 
polyphase principle. Each valve must, even if it 
were built on single-phase lines, be provided with 
a spacious condensing chamber for the purpose of 
condensing so much of the mercury volatilised that 
the pressure in front of the anodes remains low. In 
a polyphase design this domed chamber, which at 
any rate must be provided, is employed far more 
efficiently. 

In the new type of valve this chamber has be- 
come superfluous owing to the vigorous cooling 
action of the metal walls. For this reason a single- 
phase design is more practical*) in the present 


4) Actually only the single-phase design has made it possible 
to do away with the condensation chamber; in a six-phase 
valve of small volume constructed on corresponding lines 
to the type described here (with mercury cathode in a 
chrome-steel chamber) it would not have been so easy 
to localise the discharge within the cooled metal portion 
of the valve. 
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case. It offers important advantages which more 
than completely outweigh the above-mentioned 
drawback that adequate provision for satisfactory 
ignition must be made for each valve individually. 
General construction is thus considerably sim- 
plified, and permits complete mechanical manufac- 
ture, so that six single-phase metal valves are 
better productions than a single glass valve rated 
for a sixfold current. The dimensions can be kept 
small, since in the negative phase no anode is 
affected by the ionisation produced by the current 
flowing to one of the other anodes. (This pheno- 
menon would again occasion large dimensions in 
the case of polyphase valves, so that the advan- 
tages due to watercooling would not be entirely 
utilised. See also footnote *)). Erection and transport 
are extremely simple with the single-phase metal 
valves. In service it is, moreover, important that 
when using single-phase valves a spare for only 
a fraction of the total power of the plant need be 
provided. In addition, the liability to defects which 
usually occur only at leading-through points and 
welded joints is still lower with the simple single- 
phase valves than with one corresponding poly- 
phase valve. Finally, if a valve fails the rectifying 
plant does not cease operating as a whole since 
the remaining valves continue to run. 


Characteristics of the New Type of Valve 


The valve shown in fig. 2 is rated for a medium 
current of 75 amps and a peak current of 500 


Like other 


valves this valve can without trouble carry heavy 


amps. mercury-cathode rectifying 
overloads for short periods. The only damage 
which overloads could do would be to produce 
too high a temperature rise, which, however, 
requires a certain time. The valve can sustain a 
50 per cent overload for 5 minutes and a 100 per 
cent overload for 30 seconds. The quantity of 
cooling water required is comparatively low, as on 
full load only about 1150 watts are converted to 
heat in the valve. Each valve requires about 
1 litre of water per minute, the temperature of 
the water rising by 16 deg. C. 

The ignition voltage has been reduced to less 
than 22 volts by the auxiliary current of 2.5 amps 
already referred to and which flows through a 
(fig. 1). 
separately for each valve in view of the single- 
phase design adopted. It has, however, been found 
possible to avoid using three auxiliary anodes in 


Auxiliary 


ignition must be furnished 


each valve (one for ignition and two for main- 
taining the cathode spot). A single anode a per- 
forms both functions since it is fed with direct 


a ae 
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current. The direct current is.furnished for all 
phases (valves) in common froma specially- 
provided rectifier rated for a low voltage and low 
power. This auxiliary rectifier operates through a 
thermionic valve. 

The voltage-drop depends,on the current 
intensity and the temperature, and varies between 
10.5 and about 18 volts, with an average of 15 volts. 
In the case of new.valves, or where the cathode 
spot is not sufficiently stable, it may be slightly 
higher (up to 25 volts). Fig. 3 shows the variation 
of the voltage-drop in relation to the load. 

The back-firing voltage in the case of the 
valve shown in fig. 2 is about 500 volts. The valve 


O 20 . 40-60. n Keil 


HIE "d ampere C 
T ‘15451 c 
Fig. 3. The Voltage: drop Va plotted; asa function of the load 
I for the new rectifying valve, measured with direct current. 
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operates with 100 per cent reliability up to 250 
volts. ; 

The giptsium cy depends on the rectified power. 
The total losses in the valve at full load are 1150 
watts, including the consumption for auxiliary 
ignition. The efficiency at 220 volts and 75 amps 
is therefore 93 per cent and at 120 volts and 75 
amps 88 per cent. 

Regarding the life of these valves no numerical 
data can yet be furnished, as up to the present not 
a single one of the valves (which have been under 
test for more than a year) has failed. The life 
therefore amounts in any case to many thousands 
of hours. 


Use of the Valve in a Rectifying Unit. 


. Fig. 4 gives the circuit lay-out and fig. 5 a photo- 
graph of a 58-kilowatt (450 amps, 130 volts) 
rectifying unit erected in one of the power stations 
of the Philips Works. The direct current. circuits 
of the factory shops are designed for this voltage 
and. are fed at different points from the power 
stations. 

Hitherto rotary converters have been used for 
this purpose and owing to the impulsive loads 
(e.g. for feeding lathes, ete.) each of these had 


Fig. 4. Circuit connections of a rectifying unit rated for 130 volts and 450 amps. This unit 
is equipped with six sealed mercury-cathode metal rectifying valves B, to Bs. B Risa 
spare valve. Each valve is ignited by means of its own auxiliary anode and a magnetising 
coil (m, to mg). The auxiliary anodes are fed from a common and independent thermionic 
rectifier G. For water cooling, the valves are divided into two groups, of three valves 
, each. Each group has a water-actuated relay RW which switches off the unit on any 
interruption of the water supply. (In this diagram only one water-actuated relay is shown 


and the water pipes are only indicated at the inlet of the first and the outlet of the sixth 


valve). 
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to be liberally rated. Thus under normal conditions 
they are run at loads considerably below their 
ratings and hence with a low efficiency. The 
rectifiers described here are much better suited for 
this purpose. Their efficiency remains satisfactory 
even with loads far below their ratings, and im- 
pulsive loads can be handled without inconvenience. 

Brief must be 
the principal features of the rectifying unit. The 


reference made to some of 
water cooling systems of the six valves are divided 
into two groups, each of three valves connected in 
series, so that the water consumption of the whole 


unit is not greater than that required for two of 
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the valves. A water-actuated relay RW has been 
introduced into the water supply (fig. 4) which 
cuts off the whole unit if the circulation is inter- 
rupted for any reason. 

The auxiliary ignition is fed from a rectifier G, 
whose power consumption is the product of the 
D.C. voltage of 30 volts and the sum of the auxil- 
iary currents. The auxiliary currents for all six 
auxiliary anodes are smoothed separately. Each 
auxiliary current draws its own auxiliary anode a 
out of the mercury by means of the magnetising 
coils m,. mo, etc. If the arc in any valve breaks the 
valve is thus re-ignited automatically. 


Fig. 5. Photograph of the unit shown in fig. 4. The middle valve of the seven shown is the 
spare valve which is not connected in the operating circuit. On the extreme righthand 
side the two water-actuated relays for the two cooling circuits are shown. On the left 
is the thermionic rectifier for the auxiliary direct current (ignition). A back-firing relay, 
which is not included in fig. 4, is to be seen fixed above each valve. 
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COMPARISON BETWEEN DISCHARGE PHENOMENA IN SODIUM AND 
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A. 


MERCURY VAPOUR LAMPS : 


II. 


Summary. An analysis of certain fundamental phenomena in the mechanism of discharges 
through gases gives important conclusions regarding the properties of sodium and mercury 
vapour lamps. Use is made in this article of the characteristics of excitation and ionisation 
of sodium and mercury discussed in a previous issue of this Review 1). Discussion is here 
limited to the middle portion of a long discharge column. 


Conduction of Electricity through Gases 


In its simplest form a gaseous discharge takes 
place in a vessel with two electrodes C, and C, (fig. 1) 
which are fused through the walls and connected 
to a source of current through a resistance R, necess- 
ary for limiting the current flowing. The current 
from C, to C, is conveyed by ions and electrons. 
The electrons travel towards the positive pole (C,) 
where they are absorbed, while the ions travel to 
the negative pole (C,) and combine with the elec- 
trons emitted from this electrode to form neutral 
atoms. Thus at both plates the carriers of the 
charge are destroyed, while other carriers are lost 
through recombination at the walls of the vessel 
or in the gas space. 


Hl 
ae 7 Ht , + jssse 
Fig. 1. Circuit diagram of a gas-discharge. 

To maintain a continuous flow of electricity 
through gases it is necessary that under suitable 
conditions the gas of itself attains a state such that 
the generation of ions (ionisation) exactly balances 
the rate of recombination. If ionisation is greater 
than the rate of recombination, the strength of the 
current will increase. As a result the voltage-drop 
at the resistance R will rise and the voltage across 
the poles C, and C, will drop. In response to these 
changes ionisation will also in general decrease 
and the discharge tends towards a stationary state. 


1) Philips techn. Rev. I, 2, 1936. 


But the external resistance R is an essential sine 
qua non for the attainment of this equilibrium. 
In the middle portion of a long column, to which 
for the sake of simplicity the present discussion 
will be limited, the stationary state is determined 
by the equilibrium between the ionisation in the 
gas space and the recombination of ions and electrons 
at the walls. The emission of light, which as regards 


practical applications is of main interest to us, 


depends on other phenomena which were described 
in part I of this paper and which are of secondary 
importance in the mechanism of electrical con- 
duction. 

‘The obscurity in which the mechanism of gaseous 
discharges is shrouded is mainly due to the vast 
multiplicity of the types of particles present even 
in a simple atomic gas (i.e. a gas in which the 
atoms have not combined to form molecules). In 
addition to atoms in the fundamental state, 
electrons, atoms in different states of excitation and 
light quanta of different frequencies also occur. 
The state of equilibrium referred, to above is 
determined by the mutual interaction of all these 
various particles. 

- An insight into the complex phenomena ruling 


` js best obtained bya ‘consideration of the limiting 


Cases: 


l. Low current-density, 
low vapour-pressure. - 


2. High current-density, 


high vapour-pressure. 


As shown in the first part of this article already 
published the limiting case 1 is represented by the 


sodium vapour lamp, the limiting case 2 by the 


mercury vapour lamp. The point.of view adopted 
here is therefore particularly suitable for an 
analysis of the discharge charseteristies in these 
two types of An 
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Low pressure discharge. 
Electrons 


Motion of Ions and 


Tn the column of gas discharges, electrons and ions 
occur with the same space-charge density, but owing 
to their greater mobility, the electrons carry 
practically the whole of the current. The energy 
imparted to them per cub.cm, viz: Energy per 
cm? = Current density X longitudinal field- 
strength (gradient) is transmitted by various 
processes to the atoms in the gas or to the walls 
of the containing vessel and is finally radiated 
in the form of light and heat. 

The smallness of the kinetic energy transmitted 
from the electrons to the atoms, which is related 
to the large: difference in the masses m and M of 
the electrons and atoms respectively has a very 
important bearing on the motion of the electrons. 
The maximum energy E imparted to an atom at 
rest by a single elastic collision is: 


(1) 


where e is the energy of the electron. According 
to equation (1) at most 1/10,000th part of the 
energy of the electron is given up on a single elastic 


collision in the case of sodium vapour, and at most 


1/100,000th part in the case of mercury vapour. 
On the other hand by ionisation or excitation, the 


electron can impart its whole kinetic energy to an 


atom. Appreciable ‘transmission of energy to the 
gas atoms therefore is only initiated when the elec- 
trons have derived sufficient energy from the electric 
field to produce atomic excitation. À state is there- 
fore established in which the mean kinetic energy 
of the electrons is comparable with the energy of 
excitation, whilst the mean energy of the atoms 
does not assume a greater value than that corres- 
` ponding to the temperature of the vapour. The 
temperature of the sodium vapour at the wall-of 
the tube is approximately 280? C; In the axis of 
the discharge column the temperature is about 
50 degree higher. The mean kinetic energy of the 
free electrons is of the order of 2 electron-volts ?). 
Such a high mean energy would only be acquired 


by the atoms at a temperature of 15000 °K. This 


fact is sometimes stated by saying that the ,,tem- 
perature of electrons" is 15000 °K. Table I gives 
electron temperatures such as are met with in 
sodium lamps at different vapour pressures. 
Equation (1) is derived from the equations of 
energy and momentum. The maximum energy is 


.2) The unit electron-volt (eV) is the energy which an electron 
must expend in order to overcome a voltage drop of 
1 volt. 1 eV = 1.59 10—19 watt-sec. 
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transmitted from an electron to an atom on central 
collision (fig. 2). Denoting the velocity of atom 
and electron before collision as V and v and after | 
collision as V' and v' respectively and assuming 


B, 


En 
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Fig. 2. 
the atom to be at rest before thé impact (V = 0) 


the following equations are obtained: 
Conservation of energy: 


m gpn Tyr M y 
g "9 T zV 
Conservation of momentum: 
m = mv’ + MV’ 
Eliminating v' one obtains: 
2mv 
em La 
v= M- 
which on substituting the kinetic energies: 
= M /2 
E = P V 
= m v? 
leads to the result: 
4 mM 
E = (M-Emji Mim)? é 
or approximately 
, 4m 
Ve MM 7 


The assumption that the atoms are at rest before 
collision is justified by the very marked difference 
in the mean kinetic energies of atoms and electrons. ` 
Owing to their higher velocity more electrons than 
ions impinge on the wall of the discharge tube, 


` which thus become negatively charged. As a result 


subsequent electrons are repelled and ions ‘attracted, 
so that the ionic current at the wall becomes just 
as great as the electronic current. The wall, however, 
always remains negatively charged. The path des- 
cribed by the ions is shown diagrammatically in 
fig. 3. It is seen that ions which are produced in the 
discharge soon terminate at the walls after traver- 
sing a short path. There they recombine with 
electrons of the wall charge to form neutral atoms 
and give up the ionisation energy ‘liberated to the 
walls in the form of heat. ` : 


72 : A 


Excitation and lonisation Processes dependent on 
Pressure and Current Density 


In very rarefied gases and with. small current- 
densities the frequency of excitation and ionisation 
reactions is proportional to the product of the con- 
centrations of electrons and atoms in the fundam- 


45246 


Fig. 3. Path of the ions. Jina discharge through gases. 


ental state. The number of excited atoms is’ then 
relatively small and has no influence on the reac- 
tions taking place. The probability of excitation is 
closely governed by the velocities of the free 
electrons and by the properties of the individual 
atoms. In general excitation of the resonance 
state is particularly favoured. Thus, Krefft, 
Reger and Rompe?) found that in sodium 
vapour at a pressure of 0.005 mm and a current 
density of 0.05 A per sq.cm 95 percent of the 
energy of the electrons is utilised for excitation 
and emission of resonance light. 

In the sodium lamp somewhat higher pressures 
and current densities are in general used than in 
the experiments of Krefft, Reger and Rompe, 
whereby owing to the intervention of secondary 
processes, the excitation processes become extra- 
ordinarily complex. 

However, in a qualitative sense, it can be — 
conceived that the intensity of the resonance light 
will become diminished as compared with the in- 


tensity of-the higher transitions and that the 


concentration of the ions will increase to a greater 
degree than the concentration of the excited atoms. 
Responsible for this transformation are self- 
absorption, collisions of the second kind and 
cumulative excitation. 


Self-absorption and Secondary Processes 


' Light quanta of the resonance line become 
absorbed, after traversing a short path S, by an 
atom in the fundamental state, resulting in the 
latter’s excitation to the resonance state, and are 
re-emitted in no pa direction by the excited 


3) H. Krefft, M. Rae en R. Rompe, A f. techn. 
Phys. 14, 242, 1933: M. J. Druyvesteyn, Phys. Z. 33, 
822, 1932. 
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atom. These quanta thus describe a very long wan- 
dering path if the density of the gas is not too 
small, which with a tube of radius R is made up of 

= (R/S)? . 
absorptions and re-emissions before a particular 
quantum of light escapes from the tube. As the 
number of absorptions Z increases, there is a 
greater probability that one of the atoms will be 
excited from the resonance state to a higher energy 
level by electron impact (cumulative excitation) 
or inversely transfer its energy to the colliding 
electron thus returning to the fundamental state ` 
without emission (collision of the second kind). 
Both these processes produce a weakening of the 
resonance radiation. The calculation of Z is rendered 
very difficult by the heterogeneity of the radiation, 
which latter does not possess a single well-defined 
wave-length, but an intensity distribution covering 
some hundredths of an Angstrém unit and giving 
a spectral line of finite width. The wings are subject 
to much less absorption than the core. The cal- 
culation of the free path S thus stipulates a know- 
ledge of the shape of the spectral line, which in 
turn undergoes marked alteration owing to self- 
absorption. (See fig. 4). These processes have been 
investigated theoretically by de Groot*) and 
Kenty). Under average operating conditions, 
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Fig. 4. Spectral distribution of resonance radiation at various 
concentrations of the sodium vapour. The curves are calcul- 
ated for a layer thickness of 2 cm. n is the number of atoms 
per cub. cm. (Reproduced from W. de Groot, Physica 
12, 289, 1932). ` 


the value of Z for sodium lamps is estimated to be 
of the order of 1000 to 10000. Self-absorption 
reduces the concentration of the atoms in the 
fundamental state and intensifies excitation to 
higher leveis including the ionized state. At a given 
velocity distribution for the electrons, the secon- 
1) W. de Groot, Physica 12, 289, 1932; 18, 41, 1933. 


5) Carl Kenty, Phys. Rev. 40, 633, 1932; 41, 390, 1932; 
42, 823, 1932. 
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dary processes thus produce.an augmentation of 


` ionization greater than in proportion to the con- 
' centration of the electrons and the atoms. This has 


an important bearing on the interpretation of the 
characteristics of discharges in gas tubes. 


Effect of Pressure and Current Density on the 
Voltage Gradient 07 


Át a constant pressure the recombination of 
ioris and'electrons occurring at the walls is propor- 
tiónal to the current density. As no excess of ions 
can be produced, the same also applies to ionisation. 
With a constant velocity distribution of the elec- 
trons, however, às shown in the preceeding 
chapter, ionisation would increase more than the 
relative increase in current density. Hence, in 
view of the stability of the discharge referred to 
at the outset, it may be expected that as a result 
of a drop in the voltage gradient the velocities of 
the electrons will diminish and the ‘ionisation 
will be restored to the correct measure. The 
decrease of the gradient with rising current density 
is known as the negative resistance of the discharge. 
For stability to be obtained it is necessary for the 
external resistance to be sufficiently great to make 


the total resistance positive. Also if the current 


strength is constant and the pressure increased, 
the mean kinetic energy of electrons will fall 
and thus compensate the increasing influence of 
cumulative processes. Table I gives details of mea- 
surements taken of sodium tubes by Druyve- 
steyn and Warmoltz5) which confirm this 
interpretation. : 


Table I 
. Vapour i ; s 
pressure Current Gradient Energy of electrons 
,mm Ampere | Volt per com | Volt- Temp. °K 
2:107? 0.2 0.432 4,00 . 30900 
1.0 0.398 . 2.48 19200 
8107 | 02 1.082 3.80 29400 
i 1.0 0.668 1.24 9600 


The table gives data of the. voltage gradients 
and the temperature of the electrons at two vapour 
pressures (2-107? mm and 8:107? mm), which cor- 


` respond to wall temperatures of 255 and 287 deg. C. 


On increasing the current from 0.2 A to 1 A, the 


‘voltage gradient and the energy of the electrons 


decrease for both vapour pressures. Furthermore, 


8) M. J: Druyvesteyn and N. Warmoltz, Phys. Z. 33, 
822, 1932; Phil. Mag. 17, 1, 1934. 
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the energy. of the electrons also deécréases at con- 
stant current density and increase in the vapour 
pressure, so that the “electron temperature" T, 
and the temperature of the vapour T, converge. 


Transition to the high-pressure Discharge 


. The variation in the electron temperature at 
constant current density and rising vapour pres- 
sures has been studied over a wider range with . 
discharges through mercury vapour than with 
discharges through sodium vapour. With mercury 
vapour also, T, and T, approach each other as 
the pressure rises. As shown in fig. 5, these two 


.temperatures are practically’ equal at pressures 


above 30 mm. At these vapour pressures a thermal 
equilibrium between the electrons and atoms has 
been attained. The thermal equilibrium is a'char- 
acteristic feature of the high-pressure discharge. 


i : 45274 

Fig. 5. Electron temperature T, and vapour temperature T n 

at constant current strength and different vapour pressures. 

` (Diagrammatic.) Reproduced from W. Elenbaas, Ingenieur . 
50, E 83, 1935. 20 


High-pressure Discharge 


Whilst the transition processes between. the 
limiting cases are very complex, the high-pressure 
discharge itself can.be described more easily. 

At thermal equilibrium the degrees of excitation 
and ionisation: can be deduced from statistical 
considerations without any knowledge of the 
atomic mechanism. For the density n, (per cub.cm) 
of the excited atoms, the Boltzmann equation 
applies: |: 

B z 


T ET 
nalno = e 8o a’ Je de 8 


(2) 


where: n, is the density of the atoms in the fun- 
damental state e, the excitation energy, k the mole- - 
cular gas constant of Boltzmann’), 


7) The molecular gas constant™k is related to the molar 
: gas constant R by the formula: R = k-N where N is the 
number of molecules per gram-molecule. (N =- 6.06 10%, 


k = 1.37 10-16 erg per degree.) 
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- The density of excited atoms determines the 
intensity of radiation in the corresponding wave- 
lengths. 

Jonisation may be regarded as dissociation of 
the gaseous atoms into-ions and electrons. The 
degree of ionisation a can be calculated from the 
equilibrium condition between ions and electrons 


and neutral atoms by means of the law of mass ` 


action. The .dissociation equilibria are thus given 
by the equation: 


ano. D 

“te = c (T) 8) 
where.C is a function of the temperature containing 
the energy e of ionisation in the Boltzmann 
factor exp (— ¢,/kT). Saha), calculating the 
value of the constant C for ionisation equilibria 


in ideal gases, found: 


' 


whereby h = 6.55.1077" ergsec (Cf. Nr. 1, p. 3 of. 


` this journal). Introducing the concentration n, of 
excited atoms: n; one computes from 


equation (3) with the numerical values of m, k and h: 


= an, 


n;? 


(4) 


"This expression determines the concentration of 


AP. : EC 
= 0,98:10 15 T”? &— TT cm~ . 


| No — ni 
ions as a function of the temperature. 


Mechanism’ of Discharge at Thermal Equilibrium. 


At thermal equilibrium the conditions of dis- 
charge are completely described by the temperature 
T in the cylindrical discharge tube as a function 
of the radius r. Knowing the temperature distri- 
bution, one can compute as a function of the radius: 

-1) The concentration n; of thermal ionised atoms 
` and thus the current density, given by 


jomw(B,- B)6 


where G means the gradient, B, and B, the mobilities 
of ions and electrons. 

2) The concentration n, of thermal excited atoms 
and thus the intensity of radiation in the different 
wavelengths. | 

3) The power j-G, supplied per cub.cm and thus, 
after subtraction of the radiation power, the heat 
devélopment Q per cub.cm and sec. 

The temperature ‘distribution is given by the 
laws of thermal conduction, The heat flow is 


3) M. N. Saha, Phil. Mag. 40, 472, 1920; Z. f. is i 40, 
1921. : 
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speeepertional to the temperature-gradient and for 
a cylindrical surface of radius r is: 


(5) 
where g means the coefficient of thermal conduc- 
tion and is a function of the temperature. 


From equation (5) it is simple to derive a 
differential equation for the temperature distri- 


q = nr 34160. 5 RES md 


bution. Consider a cylindrical volume element with 
a thickness dr. The difference dq between the 
heat influx and heat efflux is equal to the amount 
of heat generated in the element of volume per 
second. This is 2 ar dr. Q (r), where Q(r) is the 
amount of heat developed per cub. cm per sec. 
Thus: 

A L 2nrQr) | 
or substituting for q from equation (5): 
u | 2a7 us d 

dr dr 
As shown above, the heat development 'Q can. 
be calculated as a function of the temperature: 
Substituting this function in equation (6), one 
obtains a differential equation for the temperature 
which contains no arbitrary coefficient. This 
equation was analysed by Elenbaas ®) for dis- 
charges through high-pressure mercury vapour 


and for a particular case (vapour pressure P = 
l atmos., power input IN = 40 watts per cm of the 
discharge column) gives the temperature distri- 
bution shown in fig.6. The temperature at the 
middle of the discharge path is above 6000 deg. 


0 " _ OSR —-r R 
45225 


Fig. 6. Temperature in a mercury vapour discharge (in deg. 
abs.) as a function of the distance r from the axis of the 
discharge tube. Vapour pressure l- atmos., power input 
40 watts per cm, diameter of tube 2cm. Reproduced from 


. W. Elenbaas, Ingenieur 50, E83, 1935. 


9?) W. Elenbaas, Physica 1, 673, 1934. 
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abs. Concordance between the calculated current 
density and the measured values was satisfactory. 


The differential equation can, however, not be. 


strictly correct as the transfer of energy by radiation 
‘as compared with thermal conductiom has been 
neglected. ` l 


Contraction of the Column 


` The constriction of the path of the discharge is 
the visible indication of the transition from the 
mechanism of electronic collision to the thermal 


form of discharge. This phenomenon is readily . 


explained from the temperature distribution shown 
in fig. 5. At the hottest part, i.e. along the centre, 


1002 


a) - 
100% 
75 
b) 


R OSR 0 
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` 75. 256 


Fig. 7. a) Caleulated current strength. 
' b) Measured interisity of the yellow lines at 5770/90 A 
as.a function of the distance.r from the axis of the tube for 


a mercury-vapour discharge at a pressure P = 1 atmos and ^ 


a power N — 40 Watt per em. (Relative units). ` 


SODIUM AND MERCURY VAPOUR LAMPS 


aliy. 


| 1$ 


ionisation and hence the current density has the 

greatest value. Fig. 7 shows as a function of the 

radius: | l : 

a) The current density (theoretical) 

b) The intensity of the yellow mercury lines 
(experimental measurement). 2 


Curves a) and,b) show qualitatively the same 


. trend, but curve b) is wider. This is chiefly due to 


the fact that in the externál zones of the discharge 
where, in consequence of the lower temperature, 
practically no more ionisation takes place, there 
is still a slight emission of light, owing to absorption 
and re-emission of light quanta emanating from the 
hot internal zone. This phenomenon is -treated 
more in detail in part I of the article. (See this 
periodical, page 4, Januari 1936). 


Conclusions to Parts I and II 


The visible light of the sodium lamp chiefly 


,comes from resonance radiation. Radiation corres- 
ponding to higher transitions is generally infra-red. ` 


On the other hand the visible light from the mercury 
vapour lamp is due to transitions between higher 
levels; the resonance lines arè ultra-violet. 

Resonance light is principally radiated at low 
current densities and gas pressures. Excitation | 
then takes place owing to electron impact upon 


‘atoms being in thé fundamental state. Transitions 


between higher excited lévels are favoured at high” 
current. strengths and pressures. Resonance light ` 
is then weakened by self-absorption and collisions 

of the second kind; the excitation of higher states 


. is promoted by cumulative processes. 


By such considerations one is led to run sodium 


lamps from which a marked resonance radiation is | 


desirable with the lowest possible current densities 
and pressures. A limit is here set bý the fact that 
the heat evolved must give a sufficiently high. 
operating temperature (280 deg. C) with suitable 


*, types of insulation. On the other hand, mercury 


vapour lamps give the highest efficiency at very 
high current ‘strengths and pressures, and” are 


_. therefore designed in the form of high-pressure 
-~ discharges. The, limits are here set by the pressures 


and temperatures which can be maintained technic- 


At the practical limits sodium vapour and 
mercury vapour radiate their characteristic lum- 
inous rays with approximately the same efficiency. 
, l Compiled by G. HELLER: 
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‘DEMONSTRATION MODEL ILLUSTRATING SUPERHETERODYNE RECEPTION 


` Introduction 


At the World Exhibition held in Brussels last 
year, a demonstration model was exhibited which 
illustrated in the most elementary manner the 
method of operation of modern radio receivers. 
It is of course generally known that in radio 
transmission a carrier wave of high frequency is 
employed and the much lower audio-frequencies 


are transmitted as a modulation of the amplitude ' 


of this carrier wave., The function of the recti- 
fying stage in the receiver is to separate these 
low audio-frequencies from the high frequency of 
.the carrier wave. Perhaps less well known is the 
sequence of operations which actually take place 
in a superheterodyne receiver in which an “oscil- 
lator", a "converter valve" and an "intermediate 
frequency" are used. The main object of the demon- 
‘stration model described in the present article is 


therefore to illustrate the _ principles underlying i 


superheterodyne reception. 


- 


‘The TUR PUES Principle 


In ‘superheterodyne reccivers, not only is the 
incoming high-frequency. carrier wave appropri- 
ately dealt with, but provision is also made for the 
simultaneous generation of an additional oscillation 
' by means of an oscillator, the frequency of this 
local oscillation differing by a specific number of 
cycles per second from the frequency of the carrier 
wave. The function of the converter valve is to 
reduce modulation to a-new carrier wave of lower 
frequency. This is done by producing a periodic 
fluctuation in the amplification: of the incoming 
wave in synchronism with the self-generated 
auxiliary oscillation of the oscillator. The alternating 
current I, in the anode circuit of the converter 
valve is given by-the product of the gradient S of 
its characteristic-and the amplitude V, of the alter- 
“nating current component of ‘the E potential, 
thus: a wos T i ; 


born is Vus odn adl) 


The gradient S is now varied' with the angular 
frequency. c, of the auxiliary oscillation, while the 
grid potential. P varies with thie angular frequency 


€ of the incoming ‘carrier wave: For the sake óf . 


convenience we shall. express the conditions ab: 
taining simply. as: sine functions: 2 


S= - S, -F a cosw,t 
l V = f cosot 


esooosconsoccoos 


The Octode 


In the expression for the anode current I, we then 
have.the term: 


a p casani cosw,t 


which can be resolved into two terms containing 
the sum and the difference respectively of the 
frequency of the carrier wave and of the auxiliary 
oscillation, thus: 


(4) 


The differential frequency (w, — c;), which is ` 
also termed the intermediate frequency, is then 
filtered out in the receiver. The differential-frequency 
circuits are very accurately tuned to an intermediate 
frequency-band at.125 kilo-cycles, which from now 
on acts in the receiver as the new carrier wave of 
the audio-frequency modulation. For if f in equation 


Lent cos (w,-+ w;) t+ cos (c, — w) 4 


(8) is not constant, but varies with the audio- 


frequencies to be transmitted, then according to 
equation (4) the amplitude of I, also will fluctuate 
with the same frequency. After suitable amplifi- 
cation, the intermediate-frequency carrier wave 
is separated in the usual way in the rectifying 
section ‘of the receiver from the low-frequency 
modulation, which it is required to render audible 
in the loudspeaker. ; : 

The chief advantage of superheterodyne reception 


as compared with direct amplification and elimin- 


ation of the high-frequency carrier wave is that ` 
the tuning of the intermediate-frequency circuits 
by the reception of stations operating with very 
different high-frequency carrier waves can always 
be very accurately maintained at the individual 
intermediate- -frequency bands. Particularly the 
desire to make receiving apparatus capable of 
receiving, in addition to ordinary radio waves, 


' also very short wave lengths, has been responsible 


for the adoption of the: -superheterodyne principle 
in radio reception. 


To generate the auxiliary oscillation and to 
modulate it.on the incoming oscillation a special 
conyerter valve, the octode, ‘is "used: in Philips 
superheteródyne receivers. "This, valve may. be 
regarded as a triode and a pentode, connected in 


series; in which the. triode serves for the. generation 


‘of the auxiliary ‘oscillation, while the pentode 


further handles the alternating current generated 
in the triode. 
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In the diagrammatic sketch in fig. 1 the grids 
are marked from 7 to 6. The indirectly-heated 
cathode together with the control grid J and the 
auxiliary anode 2 constitute the triode. The control 


C4 


- 
> 
> 
= 
O 
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Fig. 1. Circuit diagram of the octode. The circuit [4C,. is 
tuned to the auxiliary oscillation, LC to the incoming 
signals, [,C, and L,C, to the intermediate frequency. 


1 = Control grid 2 = Auxiliary anode 
5 = Screen-grid 4 — Control grid 
5 = Screen-grid 6 = Intercepter grid 


grid J is connected to the oscillating circuit L,C, 
which is tuned to the auxiliary frequency. L, is 
a reaction coil connected to the auxiliary anode 2, 
while a third grid serves for screening the triode 
against the pentode. In the latter, 4 is the control 
grid, 5 the screen-grid and 6 the interceptor grid 
connected to the cathode, which prevents the 
secondary electrons emitted from the various grids 
and the anode from contributing to the anode 
current. The control grid 4 is in circuit with the 
tuned aerial circuit L4C,. 

The potential applied to grid J varies in syn- 
chronism with the auxiliary frequency. As a result 
the electrons emitted from the cathode can only 
intermittently pass through the control grid 7. An 
electron stream is therefore obtained in the pentode 
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whose intensity varies with the auxiliary frequency. 
The amplification factor in the pentode of the con- 
verter valve will thus also vary periodically with 
the auxiliary frequency according to equation (2). 
The incoming oscillation, which has to be amplified, 
is applied to the control grid 4 of the pentode. 
This grid will therefore allow a more or less free 
passage to the electron stream in synchronism with 
the frequency of the incoming carrier wave, since 
its potential varies according to equation (3). In 
the anode circuit, resultant currents will therefore 
be obtained with either the additive or differential 
frequency of the auxiliary oscillation and the carrier 
wave, as expressed by equation (4). The connected 
circuits of the receiver, LC; and L,C,, are accurately 
tuned to the differential frequency, which is filtered 
out here and then passed to the rectifying stage 
as described above. 


Mechanical representation with the aid of sand 
figures 


Electrical oscillations are usually represented 
diagrammatically by means of a sinusoidal or 
similar type of wavy line. It appeared therefore 
that these oscillations, which are usually drawn 
with chalk on a blackboard, could be usefully 
reproduced mechanically for general exhibition by 
means of a sand figure on a slowly-moving belt. 
This would enable a practical demonstration of the 
principles of reception and the properties and uses 
of the carrier wave. In the demonstration model 
which was evolved for this purpose, the utilisation 
of the actual carrier wave is also demonstrated by 
means of a number of cathode ray tubes, which 
produce a visible trace of the electrical oscillations 
on their fluorescent screens. 


MECRPTRUM 


PHILIPS 
ONTVANGTOESTEL 


Fig. 2. Front view of model demonstrating superheterodyne reception, as shown at the 
Brussels 1935 World Exhibition. 
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-coups de courant 
del octode 


Stroomstooten 
sande octode 


Fig. 3. Sand figures demonstrating the anode current of the octode. 


In fig.2 the apparatus is shown which was 
exhibited on the Philips stand at Brussels. The 
graphing of the various oscillations occurring in 
radio receivers in the form of sand figures is per- 
formed on a moving belt which moves in a horizontal 
direction from right to left. The belt is only just 
visible in this picture, but is more clearly shown in 
fig. 3. The feed tubes for the sand and the pendulums 
fitted with funnels which swing to and fro from 
back to front and thus produce the sand figures, 
can be picked out in fig. 1. Fig. 4 is a diagrammatic 
sketch of the arrangement. The conveyer belts 
running from right to left are shown dotted in 
fig. 4b (I, II, .... Above them are the funnel- 
shaped and tubular sand distributors (1, 2, ...). 
Fig. 4a depicts the sand figures as they are produced 
on the horizontal moving belts. 

The carrier waves of the incoming oscillations is 
shown in fig. 4a by curve A; the sand distributor 1 
swings to and fro, while at the same time the belt I 
moves from right to left so that a sinusoidal or 
wavy line is traced. The modulation of the carrier 
wave has not been taken into consideration here 
as even with a very high musical note of for instance 
5000 cycles, modulated on a 200-metre (1500-kilo- 
cycle) carrier wave, no less than 300 carrier-wave 
periods are required to reproduce a single modulation 
period. The variation in amplitude after only a few 


periods would therefore be too small on the belt 
to be distinctly visible. The curve B depicts the 
local oscillation which is generated by the octode 
in the receiver. It is traced on the belt by funnel 2. 

The superposition of the carrier wave and the 
local oscillation is represented by means of the sand 
figures in the following way. The two sand figures 
A and B drop into a mixing box at the end of the 
moving belt 7 and are then transferred to funnel 3 
by means of an elevator. this funnel then tracing 
the striking figures C on the second belt. These 
figures symbolise the current in the anode circuit 
of the octode. The C figures are traced in the 
following manner: 

Pendulum 3 always swings in phase with pen- 
dulum I which traces curve A (incoming carrier 
wave), but its flow of sand is not continuous, being 
regulated by means of a flap which opens and closes 
in phase with the motion of pendulum 2. This 
intermittent release of sand gives a trace of the 
electron stream in the triode in phase with the 
auxiliary oscillation. The magnitude of the anode 
current varies in synchronism with the incoming 
carrier wave, which in the demonstration model is 
simulated by phase equality in the motions of 
pendulum 3. If the ends of the sand figures C are 
visualised as connected by an envelope, a curve 
is obtained which slowly fluctuates up and down 
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Fig. 4a. The belts moving from sight t to left « on which the 
sand figures are traced. ` um 

Incoming signal 

Auxiliary oscillation ` 

Anode current of the octode 
Intermediate-frequency oscillation . 
Variable magnitude of incoming signals 
Amplification 

— Loudspeaker current, practically constant 

Es; F, Ga represent the automatic volume control. 

H, J, K, L and M represent the methode of operation of the 
mains-fedd component of the receiver. 


D 


ME 


Fig. 4b. Diagrammatic front view of the demonstration model. 


` I to V are the belts moving from right to left, on which the 
. 'pendulums | to 6 trace the sand figures. N to W are the 


à 


and represents the oscillation of the intermediate 
frequency. This behaviour can be observed in fig. 3. 

Tn the intermediate-frequency circuits, the inter- 
mediate-frequency oscillation is filtered out from 
the current impulses leaving the converter valve. 
It then acts as a new carrier wave for audio- 
frequency modulation, which is what is required 
as it constitutes the sound emitted from tbe loud- 
-speaker. As in this representation by means of 
sand figures modulation of the high-frequency 
carrier. wave (pendulum 1) has not been taken 
into account the converter valve of the demon- 
stration model furnishes only an unmodulated 
intermediate frequency for the carrier wave. In 


view of the absence of modulation, rectification. 


of the radio signals also has not been considered 
in the present model. . 

In the demonstration model, the. aad figures on 
reaching the end of belt II are allowed to slide 
down a short inclined plane, which causes a more 
uniform distribution of the sand -particles before 
the lower moving belt III is reached. This belt 
moves at a slower speed so that the sand particles 
falling on it produce a closed wavy curve D with 


z« G HUOxOv- 
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fluorescent screens of the cathode ray oscillograph on which 


. the following voltages and currents are, depicted: K 


A ELE 
‘Incoming signals from the aerial. EE aS 
Auxiliary oscillation genérated by: the, octode. "EN 
Variation of the anode current of the octode. s ^ 


Voltage at the intermediate-frequency, transformer." nbs 
Low-frequency voltage!-at the loudspeaker poles. ` ^ 
Portion of the signal voltage in first circuit of the 
receiver. | 

Amplication factor to which the receiver is automatic- 
ally controlled. 

Portion of the voltage at the loudspeaker terminals. 
Variation of the rectified voltage. 


TERESE 


Fig. 4c. Side view of model. l "s 


Us > ES i y gt? 
a shorter wave-length' (see fig. 4a). This curve, - ;. 
represents the filtered oscillation, of intermediate; 
frequency as a function of a slower. time para- 
meter; thus for the sake of clearness the time axis 
of the sine curves, which. are of principal interest 
here, has been slightly compressed on belt III. 
Representation of other factors in reception - 

The radio receiver also incorporates a self- 
regulating fading eliminator or automatic volume 
control whose operation is based on the following 
principle. The fluctuation in the unidirectional 
voltage, which occurs on a variation in the amplitude 
of the intermediate-frequency carrier wave behind 
the rectifying stage, is led back to the preceding 
valves, whereby these valves receive a greater or 
smaller negative grid bias. As the incoming signals 
fade this bias is reduced and the amplification is 
increased. The method of volume control is re-. 
presented by the sand figures E, F and G (fig. 4a). 
E represents the variable intensity of the incoming 
carrier wave, F the amplification which is main- 
tained automatically in the receiver, and G the 
voltage fed to the loudspeaker and which is practi- 


80 PHILIPS TECHNICAL 


REVIEW 


[Bou 
[iet] ha 


“ZICHTBAAR GELUID” 


e 11 A PESE 


Fig. 5. Representation of automatic volume control and rectification of mains supply. 


cally unaffected by the fading effect. These sand 
figures are traced by means of three funnels with 
flattened extremities from which the sand runs out 
(see the right half of fig. 5). The first two funnels 
can be turned about their longitudinal axis, but 
are coupled together in such a way that their 
relative positions differ by a fixed angle of 90°. 
If the first funnel traces a very thin line (corres- 
ponding to a very weak incoming signal) the 
second funnel traces a line of maximum breadth 
(corresponding to maximum amplification). The 
third funnel traces a curve of practically constant 
breadth. Only when the line traced by the first 
funnel becomes very thin (very extreme fading) is 
the third funnel turned a little, so that its trace 
also becomes somewhat narrower. 

Finally, on the last belt (Vin fig. 4b) the operation 
of the two-way rectifier is represented, which 
furnishes the anode voltage required for the 
receiving valves. A pendulum 5 traces sine curves 
which represent the transformer voltage, where H 
is one half and J the other half of the wave. The 
rectifying valve allows current to flow through it 
in one direction only. An arrangement has therefore 
been employed here which dispenses with H and 
retains only J. Two-way rectification may be 
regarded as the combination of two separate 
rectifiers which operate alternately, so that each 
of the half-waves is rectified. To represent this a 


second pendulum 6 is allowed to trace a sine curve 
in phase opposition to the first pendulum funnel, 
and which traces the voltage of the other half of 
the transformer. After two-way rectification a 
pulsating rectified current is produced which is 
represented in sand figure K. The first condenser 
of the smoothing circuit reduces the non-uniformity 
of the rectified current. This is simulated in the 
sand figures by means of a small revolving brush 
which sweeps the sand towards the middle, so that 
figure L is produced. Further smoothing makes the 
current completely uniform and steady; thus a 
second brush removes the slight remaining waviness 
and traces figure M (see on the left of fig. 5). 

The sand dropping off the ends of the belt is 
collected and is returned to the storage box by 
means of an elevator which is not visible to the 
publie; at the same time it is dried to prevent the 
sand particles adhering to the belts. 


Demonstration with Cathode Ray Tubes 


In addition to this highly slowed down represen- 
tation of the processus occurring in the superhete- 
rodyne receiver, the various electrical phenomena 
have also been rendered visible by a series of nine 
cathode ray tubes whose fluorescent screens are 
shown in fig. 2. The alternating voltages at nine 
different points of the receiver are magnified by 
amplifiers to such values that their fluctuation can 
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be demonstrated with the aid of the cathode ray 
tubes. Each amplifier has its own rectifier so that 
no disturbing coupling actions can be produced. 
to the 
deflection plates of the cathode ray oscillograpbs 
deflect the 
direction. By means of a horizontal time-base 


The amplified voltages are applied 


which electron beam in a vertical 
deflection !) of suitable frequency the alternating 
current figures are traced on the fluorescent screens. 
The period of the time-base can be adjusted as 
required, but it must be a whole multiple of the 
alternating voltage represented. 

In fig. 4b the screens of the tubes are indicated 
by the letters N to W. The suffixes indicate the 
nature of the trace on each screen. By applying 
more or less quickly varying saw-tooth voltages, 
sinusoidal figures were obtained on the screen 
which showed more or fewer oscillations as indicated 
in fig. 4. 

In place of the saw-tooth voltage variation of 
the time-base a sinusoidal voltage of mains frequency 
can also be applied to the horizontal deflecting 
system or to both systems. In the first case the 
so-called Lissajous curves are obtained and in the 
second case ellipses, which may be seen on the 
sereens in figs. 2 and 3. 

Fig. 4c shows a section through the electrical 
portion of the demonstration model, which consists 
of a radio receiver with 53 auxiliary units. This 
part (see fig.6) is enclosed in a metal chamber 
which effectively screens off the action of surround- 


1) For the time-base deflection the saw-tooth variation of 
a special type of relaxation oscillations is employed. For 
further details see: Philips techn. Rev. 1, 16, 1936. 
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ing disturbing fields. (A tramway line with heavy 
traffic passed directly under the Philips stand at 
the exhibition.) As the sand figures require a con- 


Fig. 6. Rear view of model. 


siderable amount of space and the cathode ray 
tubes must also not be placed too close to each 
other, the whole model is 7.5 metres long and is 
thus probably the largest radio receiver in the 
world. The demonstration model was constructed 
in the Research 


R. P. Wirix. 


Laboratory on designs of 


Compiled by H. J. J. BOUMAN. 
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ABSOLUTE SOUND-PRESSURE MEASUREMENTS 


By J. DE BOER. 


Summary. The paper discusses two methods for the measurement of sound pressures, 
by both of which a microphone is calibrated. The difference of the results i is within the 


limits of discrimination of the ear. 


Introduction 


To determine the sensitivity of a loudspeaker or 
a microphone it is necessary to measure two 
magnitudes of different quality, an electrical 
magnitude (e.g. the current passing through the 


coil of the loudspeaker or the voltage at the output 


terminals of the microphone) and an acoustic © 
magnitude (e.g. thé sound output of the loud- 


speaker or the sound pressure at the location of 
the microphone). The first two sections of this 
article déscribe two methods for measuring sound 
pressurés. In the first Raleigh's disc is used and 
in the second the condenser microphone. In the con- 
cluding section details are given of the results of 
a calibration carried out by these two methods. 


Raleigh’s Dise 


Raleigh’s disc is a thin circular plate suspended 
from a torsion wire (fig. 1). If a disc of this type 
hangs vertically i in a uniform or periodic stream of 
gas or fluid, it will sustain a torque which will tend 
to turn its surface in a direction perpendicular to 
the direction of flow. The magnitude of this torque 
M is determined by the mean velocity v of the 
vibrating: air particles. Íf M is known then the 


velocity and hence also the sound pressure can be 


calculated. Rayleigh was the first to investigate 
these phenomena. Kónig D) has calculated the 
torque M on the basis of the following assumptions: 
a) An incompressible fluid, : 
b) uniform rate of flow, and 
c) total absence of friction and viscosity. 
He obtained the expression: ` 


M= HEN v? sind (1) 


- where o is the density of the fluid, v the velocity 
of flow, 9 the angle between the vertical to the disc 


E 


and the direction of flow, and a the radius of the 
disc. 


Fig. l. Rayleigh's disc. The atmospheric vibrations in 
the field. of sound exercise a torque on the disc such that its 
axis A tends to turn into the direction of propagation vg of 
the sound. The torque has its greatest value when the angle 
9 between A and vo is 45 deg. 


With the aid of the streamline diagram reproduced qualit- 
atively in fig: 2, an idea may be gained of the action of the 
flowing medium on the disc. With a current flowing in a 
horizontal direction without eddies, the following’ relation- 
ship connects the pressure p and velocity v: 

Pressure energy + kinetic energy = constant. 
Applying the theorem to 1 cm? of the fluid gives Ber- 
noulli’s equation: 


p + 5 v? — constant. 


The highest excess pressure p,, is obtained at the conden- 


sation points P, and P, in fig. 1, where the velocity of flow 
is zero. The peak values of the pressure on the back and front 
of the disc are obviously displaced with respect to each other 
and produce a torque which tends to turn the dise perpen- 
dicular to the direction of flow. If the pressure distribution 
on the front and rear of the disc is in each case replaced 
by the resultant K, one obtains fig. 5. It is clear that 


the pressure p is proportional to !/, o vos 
the force K is proportional to !/, o ug? a a?, 


The torque M is proportional to !/, e v? « a? a. 
qu prop 2 0 Ug 


"This result is in agreement with equation (1). 
Furthermore it is obvious from ‘conditions of 
symmetry that the torque must disappear if the 
angle between the disc andthe direction of flow 
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is either zero or 90 deg. This is expressed ny the 
term sin 2 $ in equation (1). 

For the purpose of Kónig's:calculation it is not 
absolutely essential to assume that the flow is 
.uniform. Equation (1) also applies to periodically- 
variable conditions of flow provided the wave- 
length is sufficiently great compared with the 
dimensions of the dise. The mean value of the 
torque is therefore: 

M = Q) 
„where v? is the mean square of the velocity. M 
represents the torque produced by a sound field !). 
_As owing to its inertia Raleigh’s dise cannot 
` respond to acoustic vibrations, the average torque 
alone is of practical interest. From equation (2) 
one gets: 


‘ o à? v? sin2d 


2 


= 3M 
z= mE 3 
P NL ( ) 
By carrying out a measurement of M, v can be 
calculated from this equation, i.e. the square root 


15446 


Fig. 2. Streamlines around an infinitely long strip arranged 
perpendicular to the plane of the paper. The diagram also 
applies qualitatively for the conditions of flow round a circular 
disc. The hydrodynamical pressure is greatest at the conden- 
sation points P, and P,. 


75445 


Fig. 3. Hydrodynamical forces. The resultants K of the com- 


ponent pressures on the rear and front sides of the disc are 
displaced with respect to each other (corresponding to the 
positions of the condensation points) and produce a torque. 
The arm on which this torque acts is proportional to the 
radius a of the disc; the force K is proportional to the surface 
area z a? of the disc. 


1) The medium of the sounder does not correspond with 
the assumption of an incompressible frictionless fluid as 
.made by Kónig in his calculations. Nevertheless, as 
King!) has shown, Kónig's result as summarised in 
equation (1) also applies to sound-waves. 
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of the mean square velocity of the vibration. The 
relationship between v and the corresponding sound 


pressure p depends on the type of sound waves 


under consideration. : 
With plane waves, this relationship is expressed 


by p = g'c v, where c is the velocity of sound. If c 


is measured in cm per sec, we get for air at 1 atmo- 
spere pressure and a temperature of 20 deg. C 
numerically: . 


P = 42,6 v bar (see footnote?)) (4) 


In the case of spherical waves emitted from a 
point source of sound, the relationship between the 
sound pressure and the velocity of the vibrating 
particles is by no means so simple. For a -sound 
with a frequency y and a wave number k- (i.e. 
k wave-lengths per unit of length) the laws ruling 
p and v take the form: * 


oP ai l : 
cos 2 x (vt — 


v= Age sin 2 a (vt — kr) — rm 
ý AT 


These Sei indicate “that equation (4) is 
applicable also to spherical waves with an accuracy 
of 1 °/,,, if the distance r from the source of sound 
is at least 3.5 wavelengths | of the sound under 
consideration (e.g. 120 em with 1000 cycles). 
Deviations from K ónig's theory occur, when 
the length of the sound waves becomes comparable 
with the diameter of the disc. If the disc has a 
diameter of 1 cm, the correction required at 10,000 
cycles is in the neighbourhood of 10 per cent. 


Measurement of the Torque . 


The torque M given by equation (2) will tum 
the disc through an angle a, which will have such 
a magnitude that the elastic strain of the torsion 
wire will balance the torque (M — D a). The 
angular deflection a of the reflecting disc is deter- 
mined by the reflected beam method, which consists 
in viewing through a telescope the image of a scale 
reflected by the disc (see fig. 4). The directing 
torque D is obtained from the time of oscillation 
T' of the disc when swinging freely and from its 
known moment of inertia Q, thus: 

is 
Deia Mata (qw 

Substituting M in equation (3), we get the average 
velocity: "a 

= a [ARTT NS 3Qa 5,44 Qa : 

-5| 3 28 =] raga Y 

ea sin o à? sin 


2) 1 bar ='1 TN = 0.75 107? mm Hg: 


N 
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Equation (6) expresses the velocity v of the sound 
vibrations as a function of the angular deflection‘ a 
of Raleigh's disc. All other terms in the equation ` 
are known. : 

It suggests itself that diese measurements could 
be.suitably carried out in the open air wbere no 
reflected sound would be a source of disturbance. 
This, however, has proved impossible as R aleigh's 


disc responds, not only to audio-frequency sound 


waves, but also to slowly-variable air currents which 
always occur with measurements in the open and 
seriously disturb measurements, “due to the long 
oscillation time of the disc. For this reason the disc 
was suspended in a room surrounded by walls 
having a high sound-absorption factor (fig. 4). The 
wall opposite the sound-source was left open as it 


4 


S 
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Fig. 4. Room with sound- absorbing walls suitable for mea- 
surements with Rayleigh's disc. 


1l." Wall covering 

2. Rayleigh's “disc 
: 3. Loudspeaker 

4. - Telescope 

5. Scale. 


is the sound-wave reflected from this wall which 
constitutes the most serious source of error. The 
higher the frequency, the lower is the interference 
due to reflected waves, since the absorption coeffi- 
cient of the walls increases with the frequency and 
since, moreover, if a loudspeaker is the source of 
sound, the beam of sound becomes increasingly 
directional with rising frequency. 


The Condenser Mikrophone 


The responsive element of the condenser micro- 
phone is a diaphragm conducting electricity 1 (e.g. 
of aluminium 20 y. in thickness), stretched directly 


in front of an electrode 2. This diaphragm vibrates _ 


under the action of the sound-waves in exact res- 
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ponse to the fluctuations in pressure. The capacity 
of the condenser composed of the electrodes 1 and 2 
is thus subject to a periodic fluctuation. As the 
condenser is charged, the fluctuations in capacity 


Eo 
^ 


Fig. 5. Diagrammatic sketch of a condenser microphone. 
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1 = Diaphragm 
2 = Contra-electrode 
R = Resistance leak 
E, = Battery. : 


The varying sound-pressure acting on the diaphragm 1 
produces changes in the capacity C. As a result the voltage 
of the condenser fluctuates, since the charge cannot flow with 
sufficient speed from or to the condenser via the resistance R. 


become converted into fluctuations in voltage, 
which are measured by means of an amplifying 
voltmeter. The circuit of the condenser microphone 
and its connection with the first valve of the volt- 
meter is shown in fig. 5. 

If œw is the angular Kenney. of the sound, the 
distance between the electrodes 1 and 2 can be 
expressed by: 

əd = dy — d, sin wt 


where d, is the mean value of the distance between 
the plates and d, is the amplitude of oscillation. 
The capacity C of the eondensera is also subject to 
periodic variation: 


Surface of plates — 0 


C= — 05 
4 n (dg—d, sin c t) 


4 n. gap 

At a sufficiently low frequency, a quantity of. 
electricity would flow either to or from the condenser 
through the resistance R such that the E.M.F. of © 
the condenser would remain constant, viz, equal 
to the battery voltage E, At sufficiently high 
frequencies (time of oscillation small as compared 
with the relaxation time RC of the condenser ?)) 
the charge q of the condenser may, however, be 


regarded as invariable (q = OEj/4 z dọ). The E.M.T. 


of the condenser then becomes: 


| 1. q . 
U—$—$ 4x (dy — 4 SUBE. 


| 


3) The period of discharge of a condenser C through a 


resistance R is given by the product RC (cf. the article 
dealing with relaxation oscillations, this journal 1, 44, 
1936). 
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The potential difference Uz across the terminals | 


of R is: 
Ur = E; — Up = 57d, sin ot 
= E, 2i sin w t (7) 
d, 


: As stated above, equation (7) applies when 
RC » = or RCo» 1l. 


In order to draw conclusions regarding the sound 
pressure from the amplified alternating voltage, the 
elastic characteristics of the diaphragm must be 
known and in addition all other magnitudes in the 
electrical amplifier. The very tedious work of deter- 
mining the numerical value of each factor can, 
however, be dispensed with, since the whole 
system can be calibrated by applying a known 
pressure, generated electrically. This pressure | is 
generated by means of an electrode placed in front 
of the diaphragm. Applying to the fronting electrode 
the sum of a D.C. voltage and an A.C. voltage of 
audio-frequency, the diaphragm will be attracted 
by alternating forces which can be easily calculated. 


The tension on the plate of a condenser is: 


where E is the electrical field-strength. In the case in question 
(fig. 6) E = Ei + Es sin w 1 and hence 


ge [E + 2 E, Es sinot + Yo E? (1—cos 201) (8) 

The pressure expression contains a constant term, a term 
which varies with the angular frequency » and a term 
varying with 2 o. It is therefore not purely harmonic, but 
also includes a second overtone. This latter can, however, be 
neglected if the amplitude E, of the A.C. voltage is sufficiently 
small with respect to E,. If E, is zero, only the overtone is 
obtained, ie. a purely harmonic oscillation of double the 
frequency. 


p= 


The fronting electrode (fig. 6) is designed as a ` 


latticed bar. If a solid plate were used an enclosed 
‘air-space would be produced between 1 and 3, and 
as a result the diaphragm would acquire an additi- 
onall stiffness during calibration which would be 
absent in ordinary sound-pressure measurements. 
As the above calculation” of the sound pressure 
applies to a flat electrode, equation (8) is not 
strictly correct, and there should be included a 
correction factor independent of the frequency ™). 

In measurements with the condenser microphone 
two further corrections must still be taken into 
account, for the microphone measures the sound- 
pressure at the location of the diaphragm, while 


actually information is required of the pressure at ` 


the same point in the absence of the microphone. 
For two reasons the pressure is not the same in 
the absence and presence of the microphone: 
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a) Owing to refraction of the sound-waves around 
the microphone, a. phenomenon which increases the 
sound pressure. The smaller the wave-length of the 
sound, the greater will be this correction. If the 
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Fig. 6. Section through a condenser microphone with electrode 

placed in front of it. R, i 
1 = Diaphragm  , à 
2 = Contra-electrode 

» ^ 3 = Fronting electrode. ; 

By means of a D.C voltage (5) and an A.C. voltage (Ea 

sin €t), connected in series to the fronting electrode, a pressure 

of known magnitude and frequency is applied to the dia- 

phragm. Bij this means the whole system can be calibrated. 


sound-waves are small compared with the diameter 
of the diaphragm, the sound-pressure will be doubled. 
The requisite correction can be calculated if the 
design and dimensions of the microphone are 
known !") . 

b) Owing to the shape of the housing. The micro- 
phone is designed in such a way that the diaphragm 
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Fig. 7. Correction factors for the condenser microphone. 
Lower curve: Correction for resonance of the extension, 
mean curve: Refraction correction, 
upper curve: Total correction. 

With sound-frequencies of 10,000 cycles the pressure on the 

diaphragm is nearly 3 times as great as the pressure at the 

corresponding point in space in the absence of the microphone 

At frequencies below 1000 cycles no corrections need be made. 
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constitutes the rear of a short cylindrical extension 


tube. The pressure on the diaphragm is not exactly | 


. equal to the pressure on the front surface of the 
extension. Ballantine and West have calculated 
the ratio of the two pressures"). In fig. 7 in addition 
to the correction for refraction, computed for a 
microphone of 25 mm diameter, the correction due 
to the resonance of the extension tube is also shown 
as a function of the frequency for an extension 
3 mm long, and a diaphragm 18 mm in diameter. 
The upper curve in this figure represents the 
aggregate correction taking into consideration these 
two factors. I 


Measurements with the Condenser Microphone 


As already pointed out, the voltage of the micro- 
phone is amplified. The amplifier must not be 
placed too close to the microphone as otherwise it 
will interfere with the field of sound. On the other 
hand the leads from the microphone to the amplifier 
must not be too long, since otherwise the capacity 
of the leads becomes too high... $e , 

The method i is particularly altaki for use in 1 the 
open air. The effect of uniform air currents can be 
neglected, and although sudden air impulses do 
affect the deflection, these can be readily detected, 
since the voltmeter operates with practically no lag. 


Comparison of the Two Methods © `- 


A Raleigh disc’ was suspended in front of a 
loudspeaker at a distance of 1 m. The loudspeaker 
current was adjusted for different frequencies such 
that the disc indicated a sound-pressure of 1 bar. 


À condenser microphone was then substituted for . 
the Raleigh disc and the voltage at the output ` 


terminals of the microphone amplifier was ; measured 
with exactly the same frequencies ‘and current 
intensities through the loudspeaker coil. The 
calibration curve for the microphone obtained in 
this way was compared with electrostatic calibration 


results, allowing for the corrections discussed above.’ 


The result obtained is shown in fig. 8 
‘The degree of concordance between the two 
methods is entirely satisfactory. Throughout the 
whole frequency- range up to 8000 cycles the results 
. differ by less than T per cent (i.e. by less than 0.6 


these circumstances. 
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db *)). At very low frequencies the Rayleigh 
disc is perhaps slightly less reliable, for the effect 
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Fig. 8. Calibration of a condenser microphone. Sensitivity 
of the. microphone in millivolts per bar plotted as a function ` 
of the frequency. 
X Calibration by means of the fronting electrode 
© Calibration ny means of a M d disc. 


of the reflected waves is difficult to eliminate in 
On the other hand, at the 
highest frequencies less credence must be put on 
the indications of the condenser microphone, as 
the corrections for refraction are then very large 


(e.g. at 8000 cycles almost equal to a factor 3). 


The maximum difference of 7 per cent between the 
two methods is below that which can be detected 
by the human ear. The degree of accuracy thus 
conforms with all practical requirements. 
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HIGH-FREQUENCY OSCILLATIONS IN SODIUM LAMPS ` 


By L. BLOK. 


" Summary. Ín addition to the high-frequency oscillations occurring on ignition with all 
discharge tubes fed with alternating current, permanent high-frequency oscillations can 
also be present in the discharge in sodium lamps, and in certain circumstances, if no 

* suitable precautions are taken, these can interfere with radio reception. The investigation 
of these oscillations in direct-current lamps has resulted in the recognition of two types 
of oscillations, A and B, which differ from each other in their external characteristics and 
in their response to several factors. Type A oscillations are apparently due to oscillations 
of positive ions, and type B to oscillations of electrons. With current designs of lighting 
equipment, in which each lamp is fed via its own auto-transformer (with secondary 
winding split into two parts symmetrically connected to the lamp), the oscillations nor- 
mally do not react on the mains supply. In special cases where interference with radio . 
reception may occur, a small and simple interference suppressor will be found adequate 


IE 


to remove all interference. 


Introduction 


It is well known that in discharges through gases ' 
high-frequency oscillations may occur, which by 


radiation or transmission along conductors may 


_ cause interference with radio receiving apparatus 
in the neighbourhood. The propagation of these 


oscillations to the mains supply is nowadays in 
the case of sodium lamps avoided very simply by. a 
suitable design and circuit for the supply transformer. 
In order to find out what precautious would be 
suitable for avoiding interferences, it was desirable 


to obtain a closer insight into the production and. 


nature of these oscillations. 

À distinction must here be drawn butueod high- 
frequency oscillations generated during the burning 
of the lamp and those generated during ignition. 
The latter type is a well-known cause of radio 
interference; it may occur with practically all 
A.C.-fed discharge tubes, such as the neon tubes 
used in luminous signs, rectifying valves, etc., 


_ which are started up and extinguished again twice 


in each period. Ín many cases this kind of inter- 
ference is absent altogether; when it occurs, however, 
it is similar to the interference caused by sparking 
at switches and electric motors. An analysis of this 


type of oscillation offers no new information and ` 
^- will therefore not be discussed here, the more so 
since these oscillations are rendered harmless by 


interference suppressors at the same time as the 
oscillation of the gas discharge per se. 

In the case of interference from direct-current 
discharges it is evident that only the permanent 
high-frequency oscillations can be responsible, for 
ignition only takes place once here, viz, on switching 
on. That the permanent oscillations may in certain 


circumstances interfere with radio reception was 


` * 


seen on adopting sodium lamps (which- were 
originally of the D.C. type) for street lighting. 
This gave the impetus to a closer investigation 'of 
the problem, the results of which are briefly-out- 
lined in this article De : l 


^ 


ES 
wt -~ 


AT of the High- Frequency Oscillations 


At the outset an arrangement was evolved for . 
measuring the high- frequency oscillations. The 
apparatus used for outdoor measurements consisted 
of a transportable receiver with ‘aerial, the’ _ high- 
frequency oscillation being reproduced in the loud- 
speaker as a radio interference, while at the same 
time the rectified voltage was measured with an 


Fig. 1. Measuring apparatus for investigating high-frequency ; 


oscillations in sodium lamps. The lamp N is fed with direct 
current. Two chokes L prevent the transmission of the high- 
frequency oscillations to the network, and two condensers C 
shut off the unidirectional voltage from the actual measuring 
apparatus. { is a high-frequency amplifier, behind which the 
cathode-ray tube B is connected. In 2 the high-frequency | 
oscillations are rectified and in the amplifying voltmeter V '' 
connected after it the high-frequency voltage is measured. 
5 is a low-frequency amplifier which renders the oscillations 
audible in the loudspeaker as radio interference. i 


1) Although, in the meantime, the Philips Works have for 
various reasons changed over to the production of sodium 
lamps for alternating current, the observations made on 
direct-current lamps are still of interest. 


‘ 
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amplifying voltmeter. In measurements in the 
laboratory the high-frequency voltage was in 
addition rendered visible by means of a cathode-ray 
tube. For this purpose, however, the high-frequency 
oscillation was tapped directly from the lamp. The 
experimental apparatus used is shown in fig. 1. 
By means of a band-pass filter in the high- 
frequency amplifier, various wave-bands from 200 
to 2000 m could be adjusted for determining the 
frequency range of the oscillations. The fluorescent 
spot on the screen of the cathode-ray tube was 
expanded to a luminous line of adjustable length 
(time axis), by means of a “saw-tooth” deflection 
voltage ?). The (amplified) high-frequency voltage 
broadened this line to a band (fig. 2) whose width 
was a direct measure of the amplitude of this 
voltage. In subsequent measurements with A.C. 
lamps the time-deflection frequency was synchron- 
ised with the frequency of the A.C. mains supply 
or with a fraction of this frequency; in this way 
information was also obtained of the distribution 
of the oscillations throughout the period of the 


A.C. supply. 


Fig. 2. Fluctuation of the high-frequency voltage of an alter- 
nating current sodium lamp (*Philora" type SO 100) during a 
single period of the mains alternating current. The fluorescent 
spot on the screen of the cathode-ray tube is elongated to 
a (horizontal) luminous line, the time-axis, by a “saw-tooth” 
voltage. The high-frequency voltage deflects the electron beam 
in a direction perpendicular to the time axis, and the luminous 
line of the fluorescent screen is broadened to the band photo- 
graphed here. The width of the band is a measure of the 
amplitude of the high-frequency voltage. The time-deflection 
frequency is synchronised with the frequency of the A.C. mains 
supply. If conditions are exactly the same in each period, 
a stationary image is obtained. Exposure time of this picture 
was about 10 periods (approximately '/; sec). 


The majority of the measurements made were 
carried out with sodium lamps of the low-voltage 
arc type. These lamps were fed with 24 volts 
unidirectional current (the voltage drop was approx- 
imately 14 volts). The arc intensity i, was 5 to 12 
amps, the cathode was heated by an alternating 
current 7, of about 10 amps. 


2) See e.g. Philips techn. Rev. 1, 19, 1936. 
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Two Types of Oscillation 


The oscillations obtained with different lamps 
were never of exactly the same type. Yet it was 
soon established that two essentially different types 
of oscillation A and B were present, providing 
criteria by which almost all lamps could be classified 
according to their behaviour. 

Type A oscillations contain components with 
to 0.5-10° cycles 
corresponding to wave-lengths 7 of 200 to 600 m. 


frequencies from about 1.5-109 


The components are found to be at certain fairly 
well-defined wave-lengths in this range. In many 
cases the frequency difference between several 
successive components was constant, and these 
may therefore be regarded as harmonics of an 
oscillation of much lower frequency (i.e. equal to 
the frequency difference in question, with 2 up to 
30,000 m), whose existence was proved indirectly 
in this manner. Type A oscillation is modulated 
to a marked degree with the frequeney of the 
heating current (50 cycles). 

Type B oscillations are also situated in the 
range of wavelengths from 200 to 600 m, but 
cover a more continuous frequency band. They 
are much weaker than A and cannot therefore 
be detected by the oscillograph; they are modu- 
lated to a lesser degree or not at all. The striking 
observation was made that in suppressing radio 
interference due to the B type of oscillation (but 
not of the A type) by means of a condenser con- 
nected in parallel (see below), the length of the 
connecting leads played an important part. It may 
be concluded from this that the B oscillations 
also contain an ultra-short wave component. 

More striking still than the difference in the 
characteristics of these types of oscillations is their 
difference in response to conditions under which 
the lamp is run. The determining factors here are 
the arc intensity 7, and the intensity of the heating 
current i; i, determines the concentration of the 
ions in the discharge and i the emission of electrons 
from the cathode *). If a lamp generates type A 
oscillations, oscillation increases as i, is raised 
and/or i; is reduced. If on the other hand the lamp 
is subject to B oscillations, its behaviour is the 
exact converse: oscillation increases as i, is reduced 
and/or i; is increased. In very many lamps a trans- 
ition from type A to type B could in fact be 
obtained by altering i, and ij. In a lamp with A 


3) Actually the emission of electrons is also determined by i}, 
as the ions may pull out extra electrons from the cathode 
and also may heat the cathode by their bombardment. 
On a variation of i,, there is thus a change in the concen- 
tration of the ions as well as in the emission of electrons. 
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oscillations, by reducing i, and raising iş, the ampli- 


tude of the high-frequency voltage (read on the 


amplifying voltmeter) was progressively reduced, 
and eventually disappeared altogether at certain 
values: of i, and i,; on a further alteration of i, and Up 
in the same sense, type B oscillations then made 
their appearance with a gradually increasing 
amplitude. In principle this could provide a means 


for eliminating a possible radio interference, viz, 


by suitable regulation of the arc and heating currents 
of the lamps. In practice, however, this method of 
suppression is not suitable. Even, if the working 
conditions of the lamp were not already fixed by 
other considerations, and the transition from type 
À to type B could be effected in all lamps via 
an intermediate state devoid of oscillation (which 


‘is definitely not the case), a single regulation of 


each lamp would not in fact suffice, since the 
oscillatory behaviour of the lamps varies consider- 
ably with increasing age. Moreover, the oscillations 
can be rendered harmless by much simpler means, 
as is shown below. 

As already pointed out, type À oactiluitone are 
promoted by an increase in the ion concentration 
and reduced emission of electrons, while type B 
oscillations are promoted by just the opposite, viz, 
an increase in emission and a reduced ion concen- 
tration. These facts suggest that in the case of 
type A oscillations the oscillations of positive ions 
in the discharge play a part, while with type B on 
the other hand the oscillations of electrons are the 
governing factor. Oscillations of ions and electrons 
in gases have in fact been known for some time. 


The frequencies which have been deduced theoretic- 


ally for the oscillations. of ions are also of the same 
order of magnitude as'those found here. The oscil- 


‘lation of electrons may perhaps be regarded as a 


Barkhausen-Kurz oscillation *) in which the 
positive space-charge cloud hovering behind the 
cathode fall assumes the rôle of the positive grid 5). 


Suppression of Oscillations 


Investigation of the high- Bey oscillations 
nbtained with various street-lighting systems con- 


firmed the results of laboratory work. In particular . 
` ‘it was found that an overhead feeder system with 
a number of sodium lamps connected in series 


selected from the wide frequency-band of the lamps’ 
oscillations the particular frequency to which it was 
"tuned". Along the feeder stationary waves are 


1) These are oscillations of very high frequency (2 = 10 to 
100 cm) which may occur in a radio valve if the grid is 
given a high positive voltage with respect to the anode. 


5) See F. M. Penning, Physica 6, 241, 1926. 
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produced, whose nodes and antinodes may be readily 
located by moving the transportable measuring 
equipment along the feeder. Hence from the point 
of view of the feeder promoting interference, a 
lighting system fed through a buried cable is more 
suitable than an overhead feeder owing to the 
smaller amount of radiation due, to the cable. 
With the latter an ordinary interference filter may 


prove sufficient to prevent the propagation of the ` 


high-frequency oscillations to other sections of the 
supply. l 

At the present day, however, it is more common 
practice to connect the lamps'in parallel than in 
series. In these systems interference is suppressed 
in the following way. Each lamp is connected in 
parallel to the supply via-its own auto-transformer 
(fig. 3). For both lamp terminals a portion of the 
secondary winding of the transformer acts as a 
choke, which prevents the propagation of the high- 
frequency oscillations. All interferences are avoided 
by this arrangement, provided the transformer is 
placed directly next to the lamp. Where this is not 
possible, for instance in cases where the lamp and 
transformer are separated by a section of the 
overhead feeder (acting. as an aerial), each lamp 
must be supplemented by:i its own Suppression units. 
This is done in the usual way. ty the addition of 
condensers and self-induction coils: a 

For direct-current lamps, a small . condenser of 


“about 2. pF rating is in general, sufficient for sup- 


pressing the. high-frequency oscillatioris. To as- 


certain whether a lamp is. oscillating or not, a 


simple method. was.available here. The voltage- drop 
across the’ lamp is measured, the, céndenser being 


paralleled during measurement. If high-frequency 


" Pu N 


: Fig. 3. Current method of interconnection of lamps for sup- 


pressing high-frequency oscillations. Each lamp N is connected 
in parallel to the mains with its own auto-transformer T, in 
such a way that a portion of the secondary winding -of the 
transformer acts on the two poles of the lamp as a high- 
frequency choke, thus preventing the propagation of the high- 
frequency oscillations to the network.,The magnetic character- 
istics of the transformer, which for the sake of simplicity have 
not ‘been shown here, are in, fact of essential importance in 
the high-frequency choke- action. 
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oscillations of type A are being generated this 
voltage-drop will increase a little at the instant 
the condenser is connected up, i.e. at the moment 
the oscillations cease. As a result of these oscillations 
the requisite number of ions is apparently already 
generated at a somewhat lower average voltage. 
If the high-frequency voltage fluctuations dis- 
appear owing to the elimination of the oscillation, 
a higher (now constant) working voltage must be 
attained to reproduce the same number of ions. 
Type B oscillations cannot be detected by means 
of this effect. But experience has shown that direct- 
current lamps, which at the moment give type B 
oscillations or do not oscillate at all, steadily pass 
over to type A oscillation with increasing age °). 
In the case of alternating-current lamps it is not 
permissible to connect a condenser of the rating 
indicated in parallel with the lamp, as the impulses 
in the discharge resulting therefrom would increase 
flickering; moreover, the working life of the tubes 
would be reduced owing to the high instantaneous 
values of the current densities. In these lamps, 
therefore, in order to render the external effect of 
the high-frequency alternating voltage E harmless, 
a self-inductance L of about 4 millihenries and a 
condenser C of approximately 0.01 uF rating are 
“TD 

L 


ve 


1. 
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Fig. 4. Suppression of interference in alternating-current 
lamps by means of a self-induction coil L connected in series 
and a condenser C connected in parallel. The suppression factor 
ud 
is o?[LC. 


provided in the manner shown in fig. 4. With the 
chosen values of L and C we have oL>>1/wC, so 


6) This is probably connected with the gradual reduction 
in emission of the cathodes (corresponding to a reduction 
in ip). 


Nol. L, No. 9 


that the high-frequency current in the LC circuit 
is approximately i= E/wL and the interference 
voltage reacting on the rest of the system (being 
equal to the potential of the condenser) is e — 
Ela?LC. The interference-suppression factor ob- 
tained in this way is therefore E/e = w? LC (for 
the smallest frequencies coming into question E/e 
is approximately equal to 30). 

Fig.5 reproduces a photograph of the inter- 


Fig. 5. Photograph of the small interference-suppression unit. 
The three wires are connected up in the manner shown in fig. 3. 
g 


ference-suppression unit in which the condenser 
and the self-induction coil are combined; it can be 
connected without preliminary alterations to any 
lamp where suppression is considered desirable. 
Fig. 6 shows a lighting fitting with the suppressor 
unit incorporated. 


Fig. 6. Lighting unit with interference-suppression unit (left) 
incorporated. 
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CONTROL OF THE BEAM INTENSITY IN. CATHODE RAY TUBES 


Summary. A survey is given of the principal —€—" which have been devised for the 
control of the current intensity in cathode ray tubes. Characteristics of the Philips cathode 


ray tubes 3951/3952 are discussed. 


Introduction 


In the preceding issue of this Review!) the produc- 
tion of high-definition fluorescent ‘spots in cathode 
ray. tubes was discussed, but the brightness of the 
- light-spot on the fluorescent screen was not, then 
dealt with in detail. In general it is unnecessary 
to regulate the intensity of the beam in cathode 
ray oscillographs, but where these oscillographs 
are used for television reception, fluctuation i in the 
brightness. of the picture spots due to variations 
in the beam intensity has a considerable bearing 

' on the definition of the picture ?). For sound-films 
a procedure (Lignose-Breusing) is elaborated 
in which a cathode ray tube is used where the 
electron beam is not deflected but only varied in 
intensity. The fluorescent spot on the screen is 
photographed on the film and its varying bright- 
.ness is used in this manner for registration of.the 
sound. In the present article the principal methods 
for controlling the beam intensity will be discussed 

in some detail. 

The briliancy of the bright spot on Lis Screen 
is determined by the current density of the elec- 
trons which produce the. spot, and by their 
velocity. When it is required to alter the intrinsic 
brilliance of the spot, but without in ‘any -way 
affecting its size and position on the screen, it 
is sufficient to change the velocity of the electrons 
by varying the accelerating field (voltage modu- 
lation) while keeping the current intensity constant. 
In television receivers it is imperative that a change 
in intensity does not produce any alteration what- 
soever in the size of the picture spot or its position 
on the screen. As this condition is extremely diffi- 
cult to be satisfied by voltáge modulation, the 
usual method employed in cathode ray tubes for 
television reception is to vary the current intensity 
of the electron beam, but to leave unchanged the 
voltages for accelerating and deflecting the beam 


1) Philips techn. Rev. 1, 33, 1936. 


*) See J. van der Mark, Philips techn. Rev. l, 16, 
1936. In addition to intensity control, velocity régulation 
is also employed for television purposes and consists in 
passing an electron beam of constant intensity over the 


various parts of the picture at a high speed varying with | 


the latter’s brightness. Space does not permit this method 
to be discussed in detail in this article. 


(so-called current or intensity modulation). The 
intrinsic brilliance of the fluorescent spot is pro- 
portional to the current intensity within the range 
of current densities employed in television reveivers. 

The deflection response of the electron beam is not 
affected by intensity modulation. The spontaneous 
concentration of the beam in gasfilled tubes due 
to the space-charge of the positive ions is, however, 
dependent on the current intensity. As already 
indicated in the previous issue ?), gasfilled cathode 
ray tubes have only a limited application for 
television purposes for this very reason. 


Current or Intensity Modulation 


Since the intensity of the electron beam .must 
frequently be altered very rapidly, it is not possible 
to vary the current intensity by regulating the 
heating current of the cathode. The emission 
temperature, and hence also the emission current, is 
too slowly built-up for this method to be of use. 
Mechanical control of the current (e.g. by means 
of an adjustable screen) would also possess too 
great an inertia (in television apparatus modulation 
frequencies of the order of 109 cycles are met with). 

There are nevertheless available two fundament- 
ally different methods of electrical current mod- 
ulation which operate with a sufficiently low 
inertia. : i 


1. A variable part of the electron bemi is: passed 


through a screen, by imparting to the beam in 
front of the screen a small variable deflection. 
2. A variable portion of the electrons emitted 


is forced back to the cathode by applying a variable -` 


opposing field in the immediate pole BOSON of 
the cathode. 


Current Modulation with Screen 


The electron beam is pre-concentrated by means 
of a Wehnelt cylinder. As long as no potential 
is applied to the plates P and P’ almost all the 
electrons pass through the small aperture in the 
centre of the anode A. The shape of the beam 
where P and P' have a posihve- bias with respect 


3) Philips techn. Rev. L 38, 1936. 
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to the anode is shown in fig. l. À portion of the 
beam which increases as the voltage is raised is 
cut off by the edge of the screen. The deflections 
of the electron beam produced by the plates P and 
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Fig. 1. Cúrrent modulation by deflection of the ray, using 
the electrode P. The electrode P’ compensates the deflection 
so that the light-spot is not displaced on the screen. 


P' balance each,other, so that the spot is not 
appreciably displaced on altering the intensity. 
Instead of unilateral screening of the electron 
beam by the edge of the aperture, the ray can also 
be symmetrically screened off on all sides. i 
arrangement for doing this is illustrated in fa. 
By applying an alternating potential between d 


Fig. 2. Current modulation by; modulation of the concentrating 
action of the Wehnelt cylinder. 


cathode and the cylinder C, the focussing action 
of the cylinder can be varied in such a way that 
a variable fraction of the electron beam passes 
through the aperture in the screen. This arrange- 
ment has the disadvantage that the definition 
of the spot is influenced by modulation, since the 
distance of the cathode image varies with the 
potential applied to C, but can be avoided by 
throwing on the fluorescent screen not an image 


of the cathode but an image of the screen aperture 
at Á. . 


Where the cathode beam i is focussed by electro- 


magnetic means, current modulation can be 
employed to similar purpose. The gradient. of the 


| helical paths described by the electrons 4) is approx- 


4) Philips techn. Rev. 1, 36, 1936. 
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imately equal to the distance between the cathode 
and anode and for control purposes is altered in 
synchronism with modulation. The cathode image 
thus’ alters its distance from the screen aperture 
so that a variable portion of the beam passes 
through the aperture. | 


Current Modulation by means of the Space Charge 


If the cylinder C (fig. 
with respect to the cathode, a very powerful 
negative space charge is produced in the cathode 
space. Since the majority of the electrical lines 
of force pass between the anode and the highly- 
negative cylinder and practically no lines of force 
penetrate the interior of the cathode space, it is 
very difficult for the electrons to leave the cathode. 
On altering the potential of the cylinder, the 
current intensity is altered without a screen being 
required at all. The Wehnelt cylinder, which 
was originally used for the purpose of promoting 


2) has a negative bias 


- spontaneous focussing in gasfilled tubes, here 


serves an altogether different purpose, and when 
used as such it will be referred to below as the 
control cylinder. 

According to thé magnitude of the negative bias 
of the control cylinder, more or less electrons will 
be able to leave their storage chamber, the cathode 
space. If the temperature of the cathode is suffi- 
ciently high to cause the continuous emission of 
excess electrons, it will not affect the intensity 
of the cathode ray, which is determined solely 
by the voltages of the control cylinder and the 
anode. 

The storage chamber of the electrons can be 


: regarded as a condenser of specific capacity. In other 


words, the charge accumulated in it, and hence 
also the charge density, is proportional to the 
potential V applied to it. The intensity of the 
current flowing out of the storage chamber is 
proportional to the product of the charge density 
and the velocity of the electrons. As the charge 
density increases in proportion to the potential, 
and the velocity is proportional to the square root 
of the potential, the current intensity as long as it 
is determined by the space charge alone is propor- 
tional to V?" The current-voltage curves of cathode 
ray tubes reproduced in fig. 5 show in fact that 
the current increases according to the 3/2 power 
of the control voltage. 

The control cylinder of high-vacuum "T -ray 
tubes serves the same purpose as the control grid 


— in wireless valves. The control electrode is a cy- 


linder closed at the front, which surrounds the 


cathode. The front wall is situated very close in 
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front of the emitting surface of the cathode and 
has a small aperture at the centre. The current 
intensity of the cathode ray. is determined not 
only by the control voltage, but also by the surface 
area of that part of the cathode’ participating in 
emission. Ín fig. 3 the variation of the electric 
field between the cathode and the control electrode 
is represented diagrammatically. The greater the 
opposing voltage of the control electrode, the 
smaller will be the effective area of the cathode, 
— which in fig. 3 is bounded by the points a and b. 
' At the highest permissible currents of about 100 pA 

the 


diameter of the emitting surface is about 


0.5 mm. With a diameter of 0.1 mm the electron: 


current is only 1 pA. 


G 
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Fig. 3. Current madilaŭon by means of a control electrode G 


placed very close to the surface of the cathode K. Diagram- . 


matic sketch of the field with a cold cathode. 


Only that portion of the emitting surface of the cathode . 


between a: and b participates in generating the cathode ray, 
as here the field applied at the cathode accelerates the elec- 
trons. Beyond the boundary points a and b the electrons are 
retarded by the external field and driven back to the cathode. 
The greater the négative potential applied to the control 
cylinder, the smaller becomes the distance between « and b. 
Finally a and b will coincide along the central line so that the 
portion of the cathode surface contributing to emission will 
become zero. 


The arrangement of the electrodes in a Philips 
cathode ray tube designed for television purposes 
is shown in fig. 4. In addition to the negative control 
electrode G}, these tubes are also provided with 
a positive screen-grid G,, which screens off the 
fields of the electronic lenses A, and A, against 
the variable field of the control electrode. In the 
arrangement illustrated here potentials of about 
10 volts are sufficient to control the electron beam 


intensity over a wide range. These small modulation ' 


potentials have practically no influence on the paths 
of the electrons, so that the definition of the 
fluorescent spot remains unaltered. The high 


sensitivity of this arrangement is due to its very . 


-is useful 
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compact construction from small components. A 
‘construction of this type requires a very. homo- ` 
geneous: cathode material and an exact centring of 
the individual components. 


Fig. 4. Circuit diagram of a Philips sathodè ray tube for 
television purposes. . 

C, = Control electrode. G4 = Screen grid. A, and A, are 
anodes which serve for both the acceleration of the electrons 


` and Mid: e focussing. 


Carrent- Voltage Curves of Intensity. Modulation 


In order to gain some idea of what can be achieved 
by current modulation; it is necessary to know for 
each. anode potential V, how the current I, varies 
with the potential V, of the control electrode. In 
this direction the gurangemnb corresponds com- 
pletely to a radio valve equipped with a control 
grid. Accordingly the slopé of the curve in which 
I, is'plotted against Yi may be taken as the 
gradient S of the dliasalteristio; 
© As indicated above, the anode current may bé 
regarded as a function of a control potential V 
applied to the supply chamber, which is principally 
determined by the potential V, of the control 
cylinder, although. the anode potential also has 
a subsidiary influence, thus: 


d 
yV = Hor. ta F .Q) 


d= fV) =S HVS .. Q) 


f(V) 
The amplification ' factor g indicates to how. 
much larger extent the potential y, of the control 
cylinder determines the anode cüment ‘than the 
anode potential V, does. Equation (2) brings out 
the fact that the ratio g of the effects produced 
by the potentials of the control electrode and the 
anode is independent of V, and Vy equation 
if the characteristics I, = f (YQ 
produced at different potentials V, can " brought 
to coincide by displacement in the direction of the 
V,-axis. The ratio of the difference AV, of the 
anode potentials of the two curves to the displa- 
cement AV, is then the amplication factor g. 
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The characteristics of Philips 3951 and 3952 
high-vacuum cathode-ray tubes for potentials of 
1000 and 2000 volts at the anode A, (anode A, 
is at a potential of 200 and 400 volts respectively) 
are shown in fig. 5. It is observed that the curves 
have an.almost uniform displacement of about 


Fig. 5. Current-voltage curves for the Philips 3951 and 3952 
cathode-ray tubes for anode potentials of 1000 and 2000 volts. 


10 volts in the direction of the V,-axis. The ampli- 
fication factor of the tubes is thus g = AV,/A,V 
= 1000/10 = 100. With an anode potential of 
1000 volts, the anode current can be regulated 
between 0 and 150 pA by altering the potential 
of the control cylinder between —25 volts and 
Zero. With, an anode potential of 2000 volts, the 
anode curreht can be. regulated between zero.and 


almost 303uA. "The ‘nodulation. potential, in this © 


case must bes varied. between. —35 volts and zero. 

AThe heating. current is about 1 amp. The capacity. 
‘of the control. cylinder with réspect to the other 
needs d As a wu oe op EE 


- 
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Voltage Modulation 


As stated at the outset, the intrinsic brilliance 
of the spot can also be controlled wben keeping 


‘the current intensity constant, viz, by modulating 


the voltage of the fluorescent screen. A great 
disadvantage of voltage modulation is that the 
faster electrons are less influenced by the deflecting 
system than the slower ones. This may be avoided 
by stretching a large wire gauze directly in front 
of the screen and imparting to it a fixed potential _ 
difference as against the other electrodes, while - 
the control voltage is applied between the wire 
gauze and the fluorescent screen (fig. 6). If the . 


` field of the screen has only a slight through-pull 


Fig. 6. Voltage modulation with a wire gauze placed in front 
of the pick-up screen. 


across the wire gauze, the deflection of the electrons 
is independent of the velocity with which they 
ae at the pick-up screen. 


' *- However, _ every type of : voltage. modulation 
has the inherent disadvantage that,'in order to 
. obtain a sufficiently high control of the Iuminous 
intensity, control.potentials, of ‘several ‘thousand 
`. volts are required, while with current modulation 
potentials of the order of 10. volts are. adequate. 


Compiled by, G. P: ITTMANN. 
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PRACTICAL APPLICATIONS OF X-RAYS FOR THE EXAMINATION 
OF MATERIALS 


III. 


By W. G. BURGERS. 


The following example of X-ray analysis is of the 
same type as the two applications, Nos. 3 and 4, 
described in the previous part (II) of this section. 
Here again the preparations investigated differ 
only in texture, i.e. in the arrangement of the 
crystallites, and not in their chemical composition. 


5. Texture of Electrolytically-Deposited Nickel 
Coatings 


Electrolytically-deposited metal coatings may 
differ in many properties such as lustre, hardness, 
internal stresses, etc., according to the conditions 
of deposition employed, e.g. the composition of the 
plating bath, the current density, etc. 

X-ray examination shows that in certain cases 
an alteration in the conditions of electrolysis may 
result in an alteration of the texture of the deposited 
coatings. Moreover, one and the same coating may 
be built up of zones with a different texture!). 


Fig.l] reproduces an X-ray photograph of a 


Fig. 1. Fig. 2 a) 


nickel coating, 15 » in thickness and having a 
metallic lustre, which was deposited on a copper 
rod in an industrial nickel plating bath. From the 
fairly uniform blackening on the whole circum- 
ference of the interference rings it may be deduced 
that the crystallites in the nickel coating are 
haphazardly positioned. 

Fig.2a is a photograph of a much thicker coating 
(150 u) which has a matt surface. This picture 
reveals very marked intensity maxima round the 
periphery of the rings. The crystallites must there- 
fore, at least in the outer zone of the nickel coating, 
possess a perfectly well-defined orientation. Figs. 
2b-d are photographs of the same coating after 
etching to various depths. It is seen that the 
blackening of the rings becomes more and more 
uniform: in fig. 2d nearly the same picture is obtained 
as shown in fig. 1. The layer deposited first thus 
had no well-defined texture at all, the texture 
only having been developed as the coating was 


built up. 
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b) c) d) 


Fig. 1. X-ray photograph of an electrolytically-deposited nickel coating, 15 u in thickness, 


possessing a metallic lustre. 


Fig. 2. Zonal structure of an electrolytically-deposited nickel coating, 150 u. in thickness, 


with a matt surface. 
a) The surface. 


b)—d) After etching to depths of 100, 130 and 140 u. 
These photographs have been obtained by radiation grazing the nickel surface ?). In 
fig. 2d the nickel coating is so thin that the interference lines of the substratum of 


copper also commence to become visible. 


1) W. G. Burgers and W. Elenbaas, Naturwiss. 21, 
465, 1933. 


2) Cf. fig. 4 in this section, part I, Philips Techn. Rev. 1, 
31, 1936. 
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ABSTRACTS OF RECENT SCIENTIFIC PUBLICATIONS OF THE 
N. V. PHILIPS’ GÉOEILAMPENFABRIEKEN 


No. 1046: P. J. Bouma: Verblinding (Polytech. 


Whi. 29, 625-629, Oct. 1935). 


A distinction is drawn between direct and indirect 
glare according as the rays producing glare do or 
do not fall on those parts of the retina whose 
reduction in sensitivity is observed. Furthermore 
a distinction is also made between simultaneous 
and successive glare. The former is a reduction 
in sensitivity during exposure to glare, and the 
latter that persisting some time after exposure. 
In this paper the effect of glare on the contrast 
sensitivity is investigated in relation to the position, 
dimensions, brightness "and colour of the light- 
source. In general the results of the measurements 
made agree with those of Holladay; some small 


discrepancies appearing are discussed. A comparison. _ 
is made between the glare effect with uniocular* 


and binocular vision, and the question is studied 


.how exposure to glare of one eye reacts on the 


contrast sensitivity of the other eye. Finally the 
author describes further measurements of the 
velocity with which the contrast, sensitivity is 
restored, and measurements of the time during 
which white, sodium .and mercury-vapour light 
continue to produce after-images on the yellow 
spot of the retina. (We shall revert to this subject 
in a subsequent issue of this Review). 


W.Uyterhoeven and C. Verburg: 
Effets de la variation périodique de 
la concentration des atoxnes neutres 
-, .. e dela vapeur dans une lampe à courant 
alternatif au sodium (C. R. Acad. Sci., 
Paris, 201, 647-649, Oct. 1935). 


No. 1047: 


For a 50-cycle alternating-current sodium lamp, 


oscillograms are obtained of the current, voltage 
and intensity of the yellow sodium light. The current 
varies almost ‘sinusoidally, while the fluctuations 
of voltage and luminous intensity are on the other 
hand much more irregular. This is ascribed to the 
variable degree of ionisation of the sodium and the 
finite time separating ionisation, recombination at 
the walls and vaporisation. Actually the phase 
displacement between the current and the intensity 
maxima increases at higher frequencies. At a con- 
stant temperature the distortion of the voltage 
and intensity curves become still more marked if 
the current density is increased. The distortion is 


reduced if, at constant current, the temperature, 


and hence also the pressure of the sodium vapour, 


“are raised. The intensity distribution in the sodium 


lines was found to be dependent on the time to 
some extent, as was to he expected from the periodic 
variation in ‘concentration of the neutral sodium 
atoms. 


No. 1048*: J. L. Snoek: Apparaat ter demon- 
stratie van het ontstaan van ferro- 
magnetische hysteresis (Faraday 5, 


141-144, May 1935). 


Becker’s theory of ferromagnetic hysteresis is 
illustrated by means of.a mechanical model. A 
revolving arrow, which represents the direction of 
magnetisation, is positively connected to a tube 
ellipsoidally bent to give a total enclosure which 
is partly filled with mercury. The equilibrium 
positions of this tube represent the states with 
minimum magnetic energy. If in a magnetic 


. material the preferred direction of magnetisation 


is everywhere the same and if an external magnetic 
field is applied perpendicular to this preferred 
direction, no hysteresis losses occur. Magnetisation 
is reversible, which can also be shown by the 
mechanical model. 


W. G. Burgers and J. J. A. Ploos 
van Amstel: Cinematographic record 
of the aZ y iron transition as seen 


by the electron-microscope (Nature, 
136, 721, Nov. 1935). 


No. 1049: 


By careful volatilisation of barium and strontium’. ` 


oxides, the authors have succeeded in increasing 
the emission of electrons from an iron lamella to 
such an extent that emission was already sufficient 
at the transition temperature of about 900 deg. C 
to permit the recrystallisation process to be followed 
with the electron-microscope. On raising the temper- 
ature slowly above the transition point, it is possible 
to obtain complete recrystallisation in 5 to 10 mins. 
During this period an exposure of the electronic 
image was made every 4 secs. In this way a micro- 
film has been obtained which shows distinctly the 


‘growth of the a-crystals in the y-phase and the 


inverse. 


'*) A sufficient number of reprints for purposes of distribution 


is not available of those publications marked with. an. 
asterisk (*). Reprints of other publications may on 
application be obtained from Philips Laboratory, Kastanje- 
Jaan, Eindhoven, Holland. ` 
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THE DEVELOPMENT OF THE COILED-COIL LAMP 


By W. GEISS. 


Summary. The coiled-coil filament, while emitting the same luminous energy, transmits 
less heat to the surrounding gas envelope than the single-coil filament. As a result 


coiled coils give a marked increase in ‘efficiency, especially“ with lamps of low rating. Pa ` pas 


One of the primary aims of the electric lamp 


industry is to produce sources of light which will 
convert electrical energy into useful light with the 
` maximum efficiency. In the pursuit of this goal two 


different methods of approach have been followed | 


during the last ten years. On the one hand entirely 
new sources of light have been evolved, such as 
gaseous discharge lamps, in reference to which 
several articles have already appeared in this 


Review. On the other hand, systematic investiga- - 
tions have been carried out into all possible means. 


for improving the efficiency of existing types of 
electric lamp. In this direction also, considerable 
progress has been made, for instance by the pro- 
_ duction of the coiled-coil lamp, which was placed 
on the market about two years ago. Some details 
of the investigations which led to the design and 
manufacture of this" new lamp are described below. 

` The efficiency of an electric incandescent lamp 
increases with the temperature of its filament, but 
this gain is obtained at the cost of the life of the 
lamp since the rate of volatilisation of the filament 
‘also increases considerably with the temperature. 
In endeavouring to obtain a high efficiency it is 


of primary importance to keep the rate of volatili- 


sation as low'as possible, or, what comes to the 


same thing; to obtain the highest temperature for 
a given rate of volatilisation. This end may be 
attained in two ways: 


1) By the discovery of'a substance which. 


volatilises very slowly, and 

2) By the introduction of a gas filling. 

The original material used for lamp filaments 
was carbon (carbonised bamboo fibre), which was 
later replaced by graphite. A. further increase in 


temperature was made possible by the adoption ` 


of metals with high fusion points, viz, osmium, 
tantalum and tungsten. Developments in this 


. direction have now provisionally terminated with 


the general use of tungsten, but it is not impossible 
that certain metallic oxides and nitrides volatilise 
still more slowly than tungsten, although up to 
the present no success has attended the attempts 
to produce sufficiently homogeneous filaments 
from these substances. Tungsten thus remains 
without dispute the best material for lamp fila- 


` ments. 


The most-important properties of tungsten fila- 
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ments are collated in Table J. If a life of 1000 
hours is required, an efficiency of about 10 lumens 
per watt may be obtained with a filament 0.01 mm 
thick. With a filament 0.1 mm: in thickness an 
efficiency of about.13 lumens per watt can be 
obtained under equivalent conditions. These values 
apply to straight filaments in vacuo. 

'Yable I. Life of an incandescent straight-wire tungsten 
filament as a function of the temperature. The mean life is 
related to the rate of volatilisation by the experimental fact 
that during the normal mean life 10 per cent of the mass 


of the filament volatilises. (Taken from C. Zwikker, 
Physica 5, 252, 1925.) i : 


———————————————————————M————————— 


‘Absol : , Life of a | Life of a 
psolute Effi- Rate of filament filament 
tempera- | ciency [volatilization | 0.01 mm in | 0.01 mm in 
ture diameter diameter 
°K tapiet gr/cm? ‘see. hours hours 
2000 293 | 15.5307" | 104107 | 10410 
2200 5.71 | 224307 7.20:10* 1.30-10* 
2400 971 | 13:10" | 14730 | 11730 
2600 148 | 41.7107" |. 38.6 386 
2800 ' 20.9 83.3:10—? 1.9 . 19. 
3000 21.8 105-10— 05. 1.5 


The effect of a gas filling on the rate of volat- 


. ilisation may be discussed from fig. 1. Consider the - 
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^ Fig. 1. Diagrammatic’ representation of the diffusion of 
atoms through a gas. In consequence of collisions with the 
gas molecules the atoms emitted’ from the plate at the left 
“are able, after a certain path, to choose a direction either 
to the right or to the left. With the plates at a distance of 
five of these paths. apart, only a fifth of the atoms emitted 
reaches the right-hand plate. » $us F 


E] 
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. filament to the left of the vertical line. À tungsten 


atom. on volatilising will in. the.first place move 
towards the right. After a few collisions with the 
gas molecules the atom will have lost its initial 
energy, and it will then depend on ` fortuitous 
circumstances whether the atom will now turn 
back in its path or continue to travel away from 
the filament. Half the atoms will do the one thing 
and the other half the reverse. In consequence of 
further collisions with gas molecules this alter- 
native will repeat, when the tungsten ‘atom has 
travelled a certain path. It is seen from fig. 1 that 


-only a small fraction of the atoms reach the opposite 


wall. In the case illustrated with two plane walls 
at a distance of five of these paths apart, the rate 


: of volatilisation will be reduced to a fifth. Fig. 2 


gives a diagram of the reduction of volatilisation 
which is obtained with a tungsten filament 75 p 
in diameter. It is seen that the rate of volatilisation 
decreases to a few per cent of its original value 
by a filling of argon or nitrogen at 50.to 100 cm 


pressure. 
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' Fig. 2. Rate of volatilisation of incandescent tungsten, fil- 


aments in atmospheres of nitrogen and argon respectively, 
plotted against the gas pressure. Pe . 
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Unfortunately a gas filling also introduces a 
disadvantage, for the thermal conduction and con-. 
vection of the gas causes additional losses which 


‘in the case of thin straight filaments may in fact 
be greater than the gain obtained by the increase 


in temperature. Thick filaments in this respect 


-give much more satisfactory values than thin ones. 
.Experience has shown that the loss of heat due to 
“the presence of the gas increases but little with 
-increase in filament diameter, while radiation is 


proportional to the diameter. In other. words, at a 
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given radiation output the losses due to thermal 
conduction increase almost proportionally to the 
Jength of the filament. Langmuir, who was the 
first to call attention to this remarkable phenom- 
enon, advanced the following explanation. Con- 
vection currents are set up in the hot gas surround- 
 ing.the filament. The latter is itself, however, 
surrounded by a film of gas, which remains at 
rest since its viscosity owing to its high tempera- 
ture is very high (cf. fig. 3). The thickness of 
the stationary film is determined by convection 
currents along the outer wall of -the. cylinder, and 
is only slightly dependent on the diameter and 
"temperature of the very much thinner filament. 
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Fig. 3. The incandescent filament is surrounded by a 
stationary film several millimetres in diameter. Outside this 
layer the convection currents in, the gas ensure uniform 


temperature’ distribution. The heat dissipated is, however, . 


restricted by the thermal conductivity of the layer of 
stationary gas. 


The energy losses are due to thermal conduction 


through the film of stationary gas and with a` 


- constant thickness of the layer they are proportion- 
al to the length of the filament. 

In former years investigations have been ‘pro- 
ceeding at this laboratory with respect to the 
thermal: conduction of incandescent filaments, and 


‘these investigations have shown very clearly the . 


action of the stationary layer. Two similar incan- 
descent tungsten filaments were suspended side by 
side in an atmosphere of argon at 60 cm: pressure, 
‘using a holder by means of which the distance 
between the wires could be altered at will. Curves 
S and.C in fig. 4 show the heat losses due to 
radiation and conduction as a function of the 
distance between the filaments, the: tempexature 
being constant. While radiation is practically 
constant, the conduction factor diminishes very 
considerably as soon as the stationary films of the 


z í l : 
two filaments overlap. At a very small distance . 


E 


DEVELOPMENT OF COILED-COIL LAMP E l 99 


apart, conduction (curve C) is only half the initial 
value, while the radiation loss (curve S) has barely 
altered. The two filaments are then surrounded 
by a common layer of stationary gas so that the 
effective.length of the filament is reduced to half. 

The heat losses through conduction are particu- 
larly. important in the case of small lamps. The 
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. Fig. 4. Heat losses from two incandescent filaments as a 


function of their distance apart. eT 
S By radiation. ` 
C` By conduction and convection of the gas filling. 
The heat transfer to the gas is' considerably diminished when 
the filaments are brought so close together that the statio- 
nary layers overlap. On ‘the other hand radiation is practically 
independent of the distance between the filaments. 


lower the rating of the lamp the die are the 


tungsten filaments, and hence the smaller the 
radiation emitted per unit of length | as compared 


with the heat losses. 


An important advance was made in the design 
of small lamps, by the introduction obs the coiled- 
coil filament. If a long thin filament «i 3$ wound in 
the form of a spiral or coil, its total cheat losses 
are of the same, order as for a filament with the 
same length and cross-section as the coil. In this 
way the effective. overall length of the filament can 
be considerably reduced, the reduction -becoming 
the greater the greater the diameter of the coil. E 

The diameter of the coil cannot, however, be 
indefinitely increased, for with increasing diameter . 
the resistance to deformation of the coil diminishes 
to such an extent that there is a danger of short 
circuits occurring between the turns when exposed 
to unavoidable shocks and vibrations. Nevertheless 
it has been possible to reduce the effective length 


of the coil still further by winding the coil itself 


round a core and thus arriving at a coiled-coil 


i arrangement. 


‘The first attempts to use coiled coils: were 
already carried out about 20 years ago, but.these 
failed owing to the inadequate processes for 
manufacturing the . coiled-coil filament. The in- 
candescent elements made at that time possessed : 
the undesirable property of expanding during 
service so that the coil of an old lamp showed a 
marked sag. 
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Extensive research on tungsten wires and fil. 
aments which were worked cold and hot by various 
processes, showed that the sag f of the filaments 
could be expressed as a function of the time t, as 
follows: 


a aes es A A: ee 


The initial sag a, is produced when the filament 
is firstly raised to its incandescent temperature 
and is largely independent of the pre-treatment 
of the coil. By suitable pre-treatment it is, however, 
possible to reduce the value of the exponent b 
very considerably. Finally the initial sag a, can be 
widely reduced, by submitting the finished coil to 
prolonged heat treatment at a high temperature 
so that it assumes a suitable crystal structure. To 
prevent expansion of the filament already during 
this heat treatment it has been found necessary 
to use for the core a material with a high melting 
point. The primary and secondary coils are wound 
on molybdenum cores, which after heat treatment 
are removed from the coils by chemical means. 
Fig. 5 showing the filaments of a modern lamp 
and of an old one (both after about 1000 hours 
burning) indicates the progress which has been 
made in the course of the last few years in stif- 


fening the coils. This improvement is also shown 


Fig. 5. 


with a sagging single coil, both after about 1000 hours 


A lamp with non-sagging coiled-coil and another 


burning. It is clear that nowadays no conclusion can be 


drawn from the sag as regards the age of the lamp. 


quantitatively in fig. 6. These illustrations show 
clearly that it is now no longer possible to estimate 
the age of a lamp from the sag of the filament, 
even in lamps with single coils which have also 
shared in the advances made in filament-finishing 
processes. 

A mixture of argon and nitrogen has been used 


for filling coiled-coil lamps as was employed 


VOL. 1, No. 4 


for single-coil lamps also. As both the heat 
losses and the rate of volatilisation diminish with 
increasing atomic weight of the filling gas, an 


examination of the properties of the heavier rare 
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Fig. 6. The depth of sag f is related to the hours of burning 
by the equation: f = a, + a, t^. The figure shows the sag: 
A after 1 hour, B after 500 hours. 


a) Sagging filament: b) Non-sagging filament: 
a, — 0.08 a, — 0.00 
a, — 0.08 a, — 0.08 
b- 25.0250 b = 0.005 


gases suggested itself. This work has only been 


made possible in recent years after technical 
methods had been evolved for isolating krypton 
and xenon in such quantity and of such purity as 
to permit comprehensive experiments on a tech- 
nical scale !). 

A marked diminution in the factors investigated 
was actually found with these gases, the rate of 
volatilisation in krypton being only half that in 


argon under the practical conditions in question 


here. The heat losses were also much lower, as may 


be seen from the example quoted in Table H. 


Table II. Heat losses due to gas Filling. 


C Per cent 

is Heat losses 
Argon filling 100 
Krypton filling 68 
Xenon filling 53 


In spite of these advantages, the substitution of 
an expensive krypton filling for argon does not at 
the present time appear practicable. Whether such 
substitution may be possible in the future depends 
on what progress is made in the isolation of the 
rare gases. 

A further novelty of the coiled-coil lamp is that 
each lamp is supplied with its own self-contained 
fuse. This has been done because the break-spark 
produced when the lamp blows may strike an 
electric arc between the electrodes. The internal 


fuse then blows and thus protects the mains fuses. 


1) Krypton and xenon are constituents of the atmosphere. 
l cub.m of air contains about 10 ccm of krypton and 
l cem of xenon. 
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. The semi-frosting frequently used. hitherto has — 
been replaced by internal frosting in the coiled-coil 
lamp,, since it has been, possible to reduce the ` 
absorption of light with the latter to below that 
with semi-frosting; the light loss is now only 0.5 
to 1 per cent as compared with 2 per cent for, 


- semi-frosting. Moreover, from the point of view of. 


illuminating engineering semi-frosting is incorrect, 
since it acts as a reflector so that 60 per cent of 
the light is reflected upwards and only 40 per cent 
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Fig. 7." Diagram of light distribution for a internally-frosted ' 
lamp (continous line) and a semi-frosted lamp (broken 


/* line). The semi-frostidg acts as a reflector, which reflects 


upwards part of the light radiated downwards. 
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is thrown downwards. In the diagram of flux dis- 


tribution (fig. 7) the difference between these two 
methods of frosting in clearly shown. 
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15740 
Fig. 8. Diminution in the efficiency, of a lamp with: use. 
i A Single-coil lamp: z : 
` „a B. Coiled-coil lamp. 


In conclusion, it may be stated that the sub- 
stitution of the coiled-coil for the single-coil has 


resulted in a saving in power of 7 to 10 watts, the 
^ initial luminous flux of the two types being the 


same. Considering the -whole life of the lamp, 
a- better illumination 48: also obtained, for, as 
shown in fig. 8, the decline in luminous efficiency 
with the age. of the lamp is much léss with’ the 
coiled-coil than with the single-coil filament. ~ 
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CHARACTERISTICS OF THE EYE WITH SPECIAL REFERENCE 


TO ROAD LIGHTING 


By P. J. BOUMA. 


Summary. Following a brief discussion on the way in which objects are seen on 
artificially-illuminated highways, the circumstances in which the eye is likely to fail 
are studied. The efficient or imperfect functioning of the eye is detérmined mainly 
by the visual acuity, the contrast sensibility, the richness of contrast and the speed 
of vision. The interconnection of these phenomena is discussed in reference to the 
following characteristics of the eye: Accommodation, ‘diameter of pupil, chromatic and 


' When the question is asked: ‘‘What constitutes 
really good road: lighting?" "the extreme com- 
plexity of the problem entailed must be adequately 
‘realised. The solution of this problem can only be 
arrived at by the closest collaboration between 
the most divergent branches of science, . while 
considerable practical experience is also imperative. 
Tt must be borne in mind that particularly , in the 
interests of safety on the road the conditions of 
lighting must be such as to afford distinct vision. 
Apart from a host of technical and physical fac- 
tors (such as the distribution of brightness, the 
physical composition of light, etc.), the conditions 
of vision. are in large measure determined by the 
-intrinsic characteristics of the human eye itself. 
A. detailed study of these characteristics is hence 
indispensable in dealing with the' problem of 
. road lighting. . : 

The eye is one of the most remarkable organs 
with which Nature has endowed us; remarkable for 
the many divergent functions which it can fulfil, 
for its enormous sensibility, and finally for the 
wide variety of conditions under which it operates 
as an efficient instrument. l 

On.the other hand, in studying the properties 
| / of the eye with reference to road lighting, we shall 
frequently have to' consider the defects and short- 
comings of this remarkable organ, since to ensure 
safety of the highway it is essential to know when 
and under what conditions the eye is likely to fail 
in the discharge of its duty; for this failure is the 
cause of many accidents which could be ayoided 


by better lighting. 


spherical aberration, astigmatism, adaptation, glare and the Purkinje phenomenon. 


To determine which characteristics of the eye 
are the most important in this connection, we must 
first establish exactly in what way objects are seen 
on highroads. We perceive an object in the 
street because it stands out from its background, 
ie. because usually its brightness differs from that 
of the background. (Differences in colour may also 


play a part, although usually only a subsidiary 
.one, in creating this contrast.) When we have 


perceived the object, we must also recognise 
ity i.e. distinguish its from and distance. It is also ` 
of the greatest importance that -this recognition 
take place rapidly; sometimes an object only 
remains a short time in a position suitable for its 
recognition and frequently rapid recognition is 


necessary in order to take timely measures to 


prévent an accident. 

From the above it follows that the principal 
causes for the failure of the eye to perform its 
due functions may be classified in three groups: 
1) The impossibility of perceiving very weak 

contrasts: when the contrast is very small, the 
object will not be perceived at all. 

2) The image of the object impressed on the 
retina is not sufficiently well defined: the 
object is not recognised. © — 

3) The eye functions too sluggishly: the object 
is not perceived:or recognised quickly enough. 


The second cause is the simplest to discuss, and 


‘in this respect there is a considerable similarity 


between the eye and a photographie camera. 
Exactly as the camera lens throws an image of an 


APRIL 1936 


object on the photographic plate, so does the lens 
of the eye impress an image of the object viewed 
on the retina. The focal length of the lens of the 
eye can be altered by the contraction of certain 
muscles. This alteration is termed accommo- 
dation, and it enables us to form sharply-defined 
images of objects at very different distances from 
the eye on the retina successively. Accommodation 
can be obtained consciously and voluntarily; 
- usually it is, however, created involuntarily by force 
of habit., Furthermore, the eye is also equipped 
with a variable diaphragm by means: of which 
the. effective diameter of the lens — and hence the 
quantity of light falling on the eye as well as the 
quality of the image — can be varied. This ad- 
justment of the diameter of the pupil 
takes place quite involuntarily and is a reile 
action caused by external influences. ; 

The lens of the eye is subject to the same opti- 
cal defects in the production of images as ordinary 
lenses. Those defects which only cause a distortion 
of the image are usually not disturbing in the case 
of the eye, for in spite of this distortion the brain 
is capable of visualising the correct shape’ and 
form of the actual object. The clearest proof of 
this is the fact that the inverted image on the 
retina presénts no difficulties, and that it is possible 

by the use of an optical system which turns the 
image through a right angle (i.e. turns it on to its 
side) to see "normally" again after a time. On the 
other hand, those defects of the eye may prove very 
troublesome which cause rays emanating from a 


point of the object not to meet at the same point 


on the retina. The principal defects of this type, 
which all adversely affect the “definition” or 
"sharpness" of the image on the retina and hence 


also the visual acuity are: 


1) Lack of accomodation, which may be due to 


two causes: 


a. Because the object is situated at a distance 
to which the eye cannot be sharply focussed, 
the normal eye can be sharply focussed to 

- distances between about 12 to 15 em and 
` infinity; i 


with short-sighted 


sighted eyes this range is smaller. 


b. Because the object emits light of different 
wavelengths and the focal length of the eye 

j : Jens depends on the wavelength (see. fig. 1). 
Fig. 1 shows for example that an eye which 

is mer focussed for a wavelength of 


X == 5550 A.possesses a myopia (short 


edass) of 3.5 diopter at 4000 A, and 
a hypermetropia ene: -sightedness) of 1. 8 


and long- . 
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diopter at 7000 A+). This gionan — 
chromatic aberration — can only 


be avoided by ting mongebrematid Night: 


15843 . 
Fig. 1. Refractive power in diopter D of the normal or 
emmetropic eye at rest a sa function of the wavelenght A. 
At the wavelenght A = 5550 (maximum of the visibility 
curve of the eye), the refractive power of the normal eye 
is approx. D „ = 48. As may be seen from the graph the eye 
is myopic with reference to blue Mele and hypermetropie 
with reference to red light. 


2) The phénomenon that monochromatic rays. 


emanating from a point are not focussed at a 
point. This defect — spherical aberra- 
tion — which is shared by évery normal eye, 
can be avoided by a stronger curtaining of the 
eye lens (either by involuntary contraction of 
the pupil of the eye or by placing an artificial 
pupil in front of the eye). x 
3) Astigmatism: The rays emanating from 
a point and travelling in a borizontal plane 
have another focus than those rays lying in 'a 
vertical plane. This asymmetry of the eye is of 
common occurrence, frequently in conjunction 
- with myopia and hypermetropia; it is depend- 
ent on the wavelength. (fig. 2). 


These three defects all affect the visual acuity 


: and hence render the recognition of objects at a 


' great distance more difficult. 


. . To investigate in further detail the first-mentioned 


cause of defective vision (the impossibility of 
perceiving. small differences in brightness), we 
must regard the eye as a measuring instru- 
ment capable of measuring brightness values. In 


such an instrument the first point to consider is” 
‘the magnitude of the measuring range, in other 


words the range of brightness over which the eye 
is still a serviceable instrument. This range is much 


greater with the eye than with most physical 


1) The number of diopter (D) of a lens is the reciprocal 
of the focal length in:metres. For the normal eye in a 
pésition of rest Da is approximately | 49. 


n 


A 
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measuring instruments, for the eye can function 
well at brightness levels differing by a factor of 


Fig. 2. Astigmatism A of a myopic eye in diopter (i.e. lif, 
— l/f,, where f, and f, are the focal lengths for light beams 
in the horizontal and vertical planes respectively) for the 
myopic eye of the author at different wavelengths A. 


103 or 10%. In a technical instrument, for instance 
an ammeter, the measuring range can be increased 
by attaching shunts, and for a specific range of the 


magnitude under measurement the sensitivity of — 


the instrument is then adapted to the values to be 
measured. The sensibility of the eye can be simi- 
larly altered by ‘a process here termed adapta- 
tion, viz, by making two different adjustments, 
which both take place involuntarily when the eye 


is exposed for a time to a certain brightness level: 


1) By altering the diameter of the pupil, ilis 
latter becoming smaller the greater the bright- 
ness?) of the field of view (fig 3); 
alteration does not take place instantaneously, 

. and actually occupies a time interval of the 
- order of 1 second. 


2) ‘By. changes in the properties of the retina’ 


with the illumination intensity; if for instance 
the eye is first exposed to a high and then to 
a low brightness, the retinal sensitivity will 
increase for these low intensities after a time. 
The change is very slow; for while the eye 
. adapts itself to à high intensity in a few 

minutes, adaptation to very low brightness 


levels may sometimes take several hours. 


It requires no detailed explanation to show that , 


the speed and degree of adaptation has an impor- 


?). Brightness values are always expressed in candles per 
sq.m.’ (1 candle per sq.m. 
0.292 foot candle). To visualise the order of magnitude 
of this brightness unit, it should be noted that a surface 
which is illuminated with 1 lux (0.093 foot candle) and 
by which the whole of the incident light is perfectly 
diffusedly reflected has a brightness of 1/7 candles per 
sq. m. The concept of brightness cannot be discussed in 
detail in this article, but will be dealt with comprehen- 
~“ sively in a subsequent article. 


this. 


is equal to 1075 stilb = ` 
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tant bearing on road-lighting problems, 'particu- 
larly where ‘considerable fluctuations “in the illu- 
mination falling on the eye may take place, for 
the capacity of the eye depends in a large measure 


on its state of adaptation. 


‘In addition ‘to the measuring range of a meas- 
uring instrument we are also interested in its 
sensibility, which is determined by the smallest 
still just detectable difference in the magnitude 
under measurement. The tendency is frequently 
therefore to make the sensibility throughout the 
whole measuring range roughly the same, ie. to 
design the instrument on. such lines thai the 
percentage changes just detectable are the same 
throughout the range. l 

In the case of the eye this requirement is ful- 
filled over a wide range of brightness values, and 
including practically all brightness values covered 
by daylight; at very low and very high intensities 
the sensibility of the eye diminishes. If a brightness 
of H + AH can still just be distinguished from 
a brightness H, the ratio H| AH is termed the 
contrast sensibility (see fig. 4). It is 
nearly constant over a wide range of brightness 
values (Weber-Fechner law). In road light- 
ing, on the other hand, we are always concerned 
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Fig. 3. Diameter of pupil d as a function of the adaptation 
brightness H; with increasing brightness the pupil contracts 
from 8 to 2'5 mm (Reeves). The unit of brightness is 
the candle per sq.m. = 10-4 stilb — 0.092 foot candle. 


with a range in which a reduction in brightness 
results in a diminution in the contrast sensibility. 
As the perception of an object depends on the 
contrast between it and its background, it is evident 
that the contrast sensibility is here an important 


factor. Fig. 4 shows for instance that with a 


APRIL 1936 


` brightness of 0.3 candle per sq. m. (= 0.028 candle 
per.sq. ft.) on the surface of the highway an object 
whose brightness differs by less than 4 per cent 
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Fig. 4. The contrast sensibility H/AH for white light as 
a function of tlie brightness H is practically constant in 
daylight (Weber-Fechner), but varies strongly with 
the brightness in the case of road lighting (K ë nig). 


from that of the highway, ie. HJJ H > 25, cannot 
be perceived even under the most favourable 
' conditions. "E 
_A third cause for the defective functioning of 
* the eye may lie in its sluggish operation. This rate 
of operation — the speed of vision — depends 
inter alia on the following factors: 


1) The time of exposure or illumination which 
is necessary to produce a satisfactory image 
on the retina. 


2) The time required for the construction of an 
` image on the retina. (Construction of the 
image may in certain circumstances persist 
even after exposure.) l 
3) The time elapsing before the image is impres- 
sed on the brain. v 


The first time-element depends on the sensibility 
of the eye, the second on a chemical reaction time 
and the third on a psychical reaction time. The 
complexity of this mechanism is thus obvious. In 
general it may be assumed that the speed of vision 
increases with brightness (see fig. 5). 

If the road-lighting system is so devised that in 
normal circumstances the visual acuity, the contrast 
sensibility and the' speed of vision suffice for 
distinct vision, these magnitudes may still drop 
below their critical values as a result of one part 
of the retina (not necessarily that part on which 
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the image is impressed) being exposed to a much 
greater brightness than the rest of -the retina. 
Glare is then experienced. Both during the 
presence in the field of vision of a light source 


` causing glare and after the disappearance of such 


source, the visual acuity, the contrast sensibility 


Fig. 5. Speed of vision V (reciprocal: of the time of 
illumination of a specific object which is required just to 
perceive it) as a function of the brightness H (Weigel). 


4 E 


and the speed of vision are reduced. Frequently 


 glare may be regarded as the production of an 


unsatisfactory state of adaption. 209 

Finally, a factor iust be referred to which — in 
particular with low brightness values»— has a 
marked effect on the measurement and inter- 
pretation of brightnesses, viz, the fact that individ- 
ual parts of the retina have intirely different 


structures. The retina contains two types of ele- 


ments sensitive ‘to light stimuli, the cones and the 
rods. In the centre of the retina is a nearly 
circular yellow spot (macula lutea) with a diam- 
eter of approximately 2 mm. Outside this yellow 
spot the retina is composed almost exclusively of 
rods. In the yellow spot the number of rods per 
sq. mm. diminishes progressively from the edges to 
the centre, while the number of cones rapidly 
increases. At the centre of the yellow spot (fovea 
centralis, diameter about 0.25 mm) no rods occur 


-at all, whilst the cones are packed closely together. 


The cones and rods behave very differently in the 
following respects: 5 


1) The rods give us an impression where all 
objects have the same colour (a ‘bluish grey), 
while the cones are able to perceive colour 
differences. 


Ce 


2) At very, low brightness levels only the rods 
register a sensation, and at high: intensities 
practically only the cones; in the intervening 


transition range both types of elements func- 
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tion. The brightness values ¿obtained with 
road-lighting systems are generally situated 
in the upper part of this transition range. 


3) The 


depends on the wavelength in an altogether 


sensibility of the rods to light-rays 
different way to that of the cones (see fig. 6). 
These differences result in a group of phenomena 
which’ are included under the name of the P ur- 
kin je. phenomenon and may play an important 
part on comparing lights of different colours. 
affect the 


In particular, these phenomena 


brightness ratios of the various parts of the field — 


of vision, ie. the richness of contrast. 
This richness of contrast is also an important 
magnitude with regard to the perception of objects. 
Also when the contrast is already considerably 
greater than the value required in view of the 
contrast sensibility, an object 1s perceived with still 
greater certainty and more quickly the more 
pronounced the contrasts are, i.e. the greather the 
richness of contrast. 
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Fig. 6. Visibility curves of the eye (relative reciprocal 
values of the energy required to obtain a uniform 
sion of brightness” 


”impres- 

as a function of the wavelength A): 

A)’ For the cones (valid for brightnesses exceeding 3 
candles per sq.m. = 0.28 candle per sq. ft.). 

B) For the rods (valid for brightnesses in the neighbour- 
hood of the absolute threshold value of the eye). 


In a series of further articles we shall enter in 
greater detail into the concepts mentioned here., 


- r 
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THE PHILIPS-MILLER SYSTEM OF.SOUND RECORDING 


; " - — By R. VERMEULEN. 


Contents. On the ordinary disc sound is recorded and reproduced m chuni ically; 
in the photographic method of sound ‘recording, both recording and reproduction’ 
are carried out by optical Mechanical reproduction on the one hand 
and optical recording on the other hand possess certain inherent disadvantages. The 
Philips-Miller system of sound-recording, whose principles are discussed in this article, 
avoids these disadvantages, in that the sound-track is recorded on the film by 


means. 


mechanical means and is then optically reproduced. 


The art of recording music and speech with high 
fidelity — it is impossible to conceive of modern 
life existing without it — has been employed in 
a host of directions. It is the medium for bringing 
music into the homes of all, it has proved useful 
in the teaching of languages, it is employed for 
producing ethnographical and cultural documents 
and records, in ordinary office work (in the form 
of the dictaphone), and on a more magnificient 
seale for producing sound-films and for broad- 
casting purposes. Particulary the latter two fields 
of application have’ made very specific demands, 
not always easy to fulfil, on the methods employed 
for recording sound. 

In the oldest form of sound- -récording apparatus, 
the Edison phonograph, the recorded sound- 
track was inscribed on a wax cylinder. Where no 
copies of the sound-track are required and the 


-. quality of the sound does not have to satisfy special 


requirements, as for instance in the dictaphone, 
this earliest method of recording is still employed 
to the present day. In later methods a magnetisable 
steel wire, a wax disc, or a strip of film or paper 
chart were, or are still being, used for recording 
a sound-track. 

For reproducing music in the home, the classical 
method of sound-recording continues to be em- 
ployed, viz, the gramophone disc. It is evident 
therefore that in making the first sound-films the 
gramophone disc was also selected to carry the- 
recorded sound. Certain difficulties were, however, 
soon found to be inherent in sound-tracks on discs, 
as for instance the difficulty of synchronising the 


sound after “cutting” and “splicing” the film, and 
the frequent changing of the discs which was 
necessary owing to their short playing time, etc. 
For this and other reasons another method of 
recording sound was adopted in sound-film work, 
viz, the production of a sound-track on the film, 
strip itself’ The sound-track was inscribed by 
optical means, the blackening produced by a. 
narrow beam of light ón the photographic surface 
being made to vary in synchronism with the sound 
vibrations either in dimensions (variable width) 
or in intensity (variable density) (see figs. 5 and 6). 
Various inconveniences inherent in this method, 
such as the time lost for developing the film,.a 
weakening of the higher notes, étc., were tempora- 
rily tolerated or complicated means were evolved — 
for remedying them. f 


In the Philips Laboratory a new method for 2 C 


recording sound has been evolved in the last few 
years, which is based on a principle proposed by 
J. A. Miller. “A description of this Philips-Miller 


. system, which; has now reached a high stage of 


perfection, is given. below. In this article it is 
proposed to describe in the main the principle 
employed and to compare this new methód with 
those in use hitherto. The technical development 
of the basic, principle of the Philips-Miller system 
introduced a number of special problems, the 
solution. of which will be discussed in a series of 
articles in this Review. 


1) "Splicing" is the operation of joining together a number 
of pieces of film in the required order to produce the 
' final sound film or news reel. 
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Basic Principle of the Philips-Miller Method 


In the Philips-Miller method as in the photo- 


graphie sound-film processes a sound-track is 
recorded on a strip of film. However, this is not 
means as hitherto but by 


done by optical 


mechanical means. The film material, the 
"Philimil" tape, consists of a celluloid base, which 
in place of the usual photographie emulsion is 
coated with an ordinary translucent layer of gela- 
tine about 60 u in thickness, on which a very thin 
opaque surface layer about 3 u in thickness is 
affixed. Perpendicular to the tape, a cutter or 
stylus shaped like an obtuse wedge as shown in 
fig. 1 moves in synchronism with the sound vibra- 
tions to be recorded. This cutter removes a shaving 
from the gelatine layer which is displaced below 


it at a uniform speed. 
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Fig. 1. 
*Philimil” tape. The latter consists of a celluloid base C, 
a transparent layer of gelatine G and a very thin opaque 
coating D. The cutter shaves a groove from the tape which 
The coating D thus 
transparent track on an 


Section through the wedge-shaped cutter S and the 


under the cutter. being 
this 


opaque background is obtained. By making the cutter in 


is moved 


removed along groove, a 


the form of an obtuse wedge, small elevations and 


depressions Ah of the cutter produce marked changes in 
width 2Ab of the track; with a 
angle of the wedge a the "magnification" is 2 tana. In 


about 40. 


inscribed semi-apical 


practice @ is made 87 deg, hence 2 tan a 


If the cutter remains stationary, it cuts a groove 
of uniform width 2b in the film below it. Along 
this groove the thin top coating (and a part of 
the gelatine layer) is removed, so that a transparent 
trace is obtained on an opaque background. If the 
cutter is now brought deeper into the film by a 


distance A h, the groove cut will become wider 


aa 


Fig. 2. 
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by a small amount 24b (cf. fig. 2) and if a is 


half the apical angle of the wedge (fig. 1) the 


relationship 
2 4b = Ah: 2 tan a 
will apply. At a — 90 deg, tan a will be infinity; 


it is thus seen that if o is nearly 90 deg a 
slight displacement. 1h of the cutter will produce 
24b in the of the 
recorded trace. With 87 deg, the angle of the 


a marked alteration width 
wedge used in practise, the "magnification" obtain- 
ed will be 24b| Ah — 2 tan 87 deg, i.e. about 40. 

Now if the cutter moves up and down in syn- 
chronism with the sound vibrations to be recorded 
(perpendicular to the tape), a transparent track 
on an opaque background will be produced on 
the moving tape whose width will vary in syn- 


chronism with the sound vibrations (fig. 3). To 
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Fig. 3. The cutter S moves up and down in synchronism 
with the sound vibrations to be recorded (perpendicular to 
the plane of the tape). D, G and C represent the same as in 
fig. 1. A transparent sound-track on an opaque background 
is produced on the ”Philimil” tape which moves under the 
cutter in the direction T. 


obtain a maximum width of trace of 2b — 2 mm, 
as commonly used in sound-film recording prac- 
tice, the displacement of the cutter need only 
have a double amplitude Ah of 2000/40 — 50 y. 
The principal characteristic of the whole method 
is this small magnitude required for the cutter 
amplitude. 

The recorded sound is reproduced by the usual 
method employed in optical sound-film technology. 
The film the 
between a photo-electric cell and a small, brightly 


carrying sound-track is moved 


OT LITO fo 


The width of the track inscribed in the tape for three different positions of the cutter. 
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illuminated slit (transversal to the direction of 
motion of the film). The intensity of the light 
falling on the photo-electric cell thus varies with 
the variable width of the sound-track, and the 
resulting current fluctuations in the photo-electric 
cell are amplified and passed to a loudspeaker. 

The Philips-Miller system is thus a combination 
of a mechanical recording method with an 
optical method of reproduction. This unique 
association offers distinct advantages over the 
methods hitherto in use, as will be evident from 


the discussion below. 


Mechanical Sound Recording and Reproduction 
on Discs 


Sound is recorded on the gramophone disc by 


mechanical means: an oscillating cutter 


(scribing stylus) cuts an undulating groove in a 
wax dise (fig. 4). Reproduction is also performed 
gramophone needle 


mechanically, the 
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Fig. 4. Undulating grooves of a gramophone disc. View 


from above and in section. 


(reproducing stylus) being made to follow the 
undulation of the groove. The disc is manifolded 
with the aid of a mould produced by electro- 
deposition. This process is very suitable for pro- 
ducing large numbers of a record and will there- 
fore not be easily superseded by any other process. 
Yet it possesses certain general disadvantages in 
in addition to those already referred to and which 
are particularly undesirable for sound-film work, 
viz, the short playing time of a disc and the 
difficulty of excising part of the sound-track. As a 
result of mechanical playing back the dise äs 
subject to considerable wear; even if the needle 


is changed each time the disc is played, the quality 
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of reproduction is still noticeably reduced already 
after playing the dise 20 times. Moreover, the 
resistance to motion produced by the needle on 
the revolution of the disc depends on the intensity 
of modulation in the sound-groove, so that in a 
loud passage (particularly of pianoforte music) 
the disc may be retarded, with the production of 
the well-known undesirable booming effect °). 
Above all the method of reproduction introduces 
an unavoidable falling-off in the higher notes. The 
wear and resistance to motion of the disc are due 
to the needle on travelling through the groove 
sustaining considerable accelerations, i.e. gréat 
forces, at all highly curved points. In fact with 
too great a curvature in the groove the needle may 
even stick or break down the walls of the groove. 
It follows, therefore, that' the curvature òf the 
groove must not exceed a certain value (as may 
be readily seen, the radius of curvature must not 
become smaller than the width of the groove): 
The groove has an undulating form expressed by 
the equation A sin o x, where A is the amplitude, 
and o the frequency of the recorded sound: the 
maximum curvature and hence also the, force is 
then proportional to o4. It would, therefore, if 
A were constant, assume high values at the high 
frequencies..On prescribing that the forces must 
for the high frequencies remain the same as for 
the low ones, provision must be made in sound- 
recording such that the (fully-modulated) ampli- 
tude A diminishes in proportion to” 1/a*. This 
would, however, result in such small amplitudes 
at the higher frequencies, that they would become 
indistinguishable from the ever-present small 
surface inequalities ¿of the material, with the 
result that the higher notes would be subinerged 
in the ground noise (surface ngise) of the disc 
itself. Moreover, for the lower notes? the ampli- 
tudes obtained would be too great, “so “that the 
distance between ;the grooves would have to be 
made very large. and the dises thus become most 
cumbersome (or the playing time be¢ome undesi- 
rably short). In practice, therefore; `a recording 
method is adopted in which, at full modulation, 
an amplitude is recorded *propertional to lo 
(instead of to I/o*) °). Such a frequency character- 


istic is in fact also very suitable for’ electro- 


2) During recording the load on the driving motor 
naturally also varies according , to the intensity of 
modulation. This fluctuation in-load'can be conveniently 
taken up here by a fly-wheel. The addition of a 
massive fly-wheel to a gramophone.for the home would, 
however, not be a very satisfactory solution. 

5) At the lowest frequencies, the amplitudes 
made independent of the frequency. 


are even 
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magnetic reproduction. The needle is connected 


with an armature or a coil which moves in a 
magnetic field. The voltage produced by displace- 
ment of the armature, which latter for instance 
may be represented by A sin o t, is proportional 
to the velocity o 4 cos o t of this displacement, i.e. 
proportional to the product o A of the frequency 
and the amplitude. Since according to the above 
method of recording the inscribed amplitude A 
of the groove is proportional to l|», o A remains 
constant, so that we obtain directly the required 
constant (frequency-independent) output voltage 
which is passed to the valve amplifier. However, 
with this frequency characteristic (A proportional 
to llo instead of to l|»), the amplitudes of the 
lower notes and the curvature of the groove for 
the higher notes would still become too great, so 
that at both ends of the frequency range the 
amplitudes must be reduced (see footnote *). This 
loss can be compensated at the lower frequencies 
by selecting a suitable characteristic for the valve 


amplifier, but at the higher frequencies such com- 
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Fig. 5 Fig. 6 
Fig. 5. Sound-film strip with variable-density sound-track. 
The sound-track is produced by illuminating the film 


through a slit situated transverse to the direction of motion 
of the film, the intensity of illumination (or the 
width of the slit) being varied by the sound vibrations. 


Fig. 6. Sound-film' strip with variable-width sound-track. 
This sound-track is produced by varying the length of 
the illuminated slit in synchronism with the sound vibra- 
tions, see fig. 7. 
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pensation would at the same time result in a more 
marked ground noise. 

All these disadvantages; wear, retardation of the 
dise, and degeneration of the high frequencies, are 
as we see only due to mechanical reproduc- 
and not to mechanical 


tion registration. 


Optical Sound Recording and Reproduction from 
Sound-Film Tracks 


Optical registration of the sound-track on a film 
strip represented a marked advance in sound-film 
technology. The playing time was now made much 
longer, being the same as for the picture itself. 
Synchronising vision and sound, and film cutting 
and splicing were also much simplified. Wear 
resulting from (optical) reproduction no longer 
occurred, nor a fluctuating load placed on the 
motor which pulls the film through the repro- 
duction machine. Optical reproduction thus 
offered a very satisfactory solution of the problem. 
Also manifolding is very simple since as many 
copies as required can be obtained by photo- 
graphic means. 

Certain drawbacks of the optical method are, how- 
ever, inherent in the method of recordin g the 
sound track. The film is exposed by an illuminated 
slit of varying intensity (variable-density record, 
fig. 5) or of varying length (variable-width record, 
figs. 6 and 7). The illuminated slit always has a 


definite width, e.g. 25 u. With a film speed of 
B H I 
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Fig. 7. Arrangement for the photographie recording of a 
variable-width sound-track. From the light emitted from the 
constant light through the 
diaphragm D. The mirror S mounted on a sensitive oscillo- 
graph throws the beam of light on to the slit Sp, under 
which the film F is moved (perpendicular to the plane of 


source L a beam is passing 


the paper). When the mirror S commences to swing under 
the action of the sound to be recorded, the sharply-focussed 
beam of light oscillates to and fro over the slit Sp and 
produces a blackened band of varying width on the film 


(see fig. 6). The path of the rays is shown for three 
different positions of the mirror. 
50 em per sec — 20000 - 25 u per sec, each part 


of the 


period 


film is therefore in front of the slit for a 
of 1/20000 sec. With a vibration of 5000- 
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cycle frequency, the brightness of the slit with a 
variable-density record or the length of the slit 
with a variable-width record varies quite consider- 
ably already in this period of time, so that the 
the film 


increasing 


modulation recorded on decreases in 


intensity in favour of an uniform 
blackening over the whole width (or, with the 
variable-width method: part of the width) of the 
film. 

The of the 


certain degeneration in reproduction of the high 


finite width slit thus results in a 
notes *). The same effect is also produced by the 
unavoidable grain and halation due to dispersion 
and reflexion of light (cf. fig. 8) in the photo- 


graphic material; the grains and the lack of 
definition at the edges of the sound-track produce 
a murmur on reproduction, which again affects 
especially the high notes. 

In fact the use of photographic material is not 
very satisfactory. After the sound has been recorded 
until the film 


developed, which frequently results in much in- 


it is necessary to wait has been 
convenience owing to loss of time (it is usually 
necessary to wait until the next day). It is true 
developing can be accelerated but speed is only 
obtained at the expense of quality. The blackening 
produced on the film must depend in a definite 
way on the exposure in order to obtain undistorted 


reproduction ?), and to satisfy this requirement it 
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Fig. 8. 
1000-cycle note. Owing to the grain and dispersion of light 


Microphotograph of a variable-width record of a 


in the emulsion the track is not wholly sharp. Magnification 
approx. 50 times. 


4) This effect of course is also obtained in the (optical) 
method of reproduction, but if it only occurs during 
reproduction it is not yet so troublesome as when it 
occurs viz, during both recording and repro- 

duction. 


twice, 


5) This condition is also due to the finite width of the 
slit. With an infinitely narrow slit, the law of blackening 
can have any arbitrary from in the variable-width 
method where the length of the illuminated slit is 
varied, but not so with a finite slit, owing to the half 
shadows produced at the edges (in variable-density 
recording where the intensity of blackening is varied, 
still more severe requirements must be met as regards 
accurate maintenance of the prescribed relationship 
between blackening and the incident amount of light). 
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is essential to exercise considerable care in 
developing. 

We thus see that in the optical method the 
disadvantages (loss of time and also deterioration 
of the high frequencies) are due mainly to optical 
recording on the photographic material, and 


not to the method of optical reproduction. 


Mechanical Sound Recording on a Tape 


In the Philips-Miller method the disadvantages 
of mechanical reproduction as well as those of 
photographie recording are avoided, since repro- 
duction is effected by optical means and registra- 
Already 


before Miller, various other methods had been 


tion on the film by mechanical means 


evolved to the same end, but all proved unsuccess- 
ful as the mechanical recording of sound on the 
film had to face insuperable obstacles. Some details 
of these difficulties will be discussed here. 

In optical reproduction of the sound-track, the 
fluctuations in light, i.e. the modulation of the 
track width on the "Philimil" tape are converted 
directly into voltage fluctuations. In contrast to the 
method of reproduction with discs where, in agree- 
with the insertion of the electromagnetic 
the 


diminish with increasing frequency, in the optical 


ment 


system, recorded amplitude was made to 


method of reproduction the recorded amplitude is 
made independent of the frequency, in order 
to obtain an output voltage independent of fre- 


quency. Fig. 9 shows in a striking manner the 


Fig. 9. 
two different amplitude-frequency relationships. For optical 


Records of exactly the same sound vibrations using 


reproduction (film) the amplitude must be independent of 
the frequency with a given intensity of sound (continuous 
sound curve F). For mechanical reproduction (disc), the 
amplitude must be inversely proportional to the frequency 
(dotted 
(continuous sound curve) the higher frequencies are much 


sound curve G). It is seen that in the first case 


more pronounced in the sound-track. 


difference in sound-recording with both these types 
of amplitude-frequency relationship. One and the 


same sound vibration has been recorded on the 
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basis of each frequency relationship. It is seen 
that on the film (amplitude for optical repro- 


` duction being independent' of the frequency) the ` 


high frequencies are much more distinctly recorded 
than on the disc (where the amplitude diminishes 
with the frequency), and are hence also situated 


higher above the. interference level. The normal: 


width of the sound-track on the sound-film is 


2 mm. The sound-recording machine must there- . 


fore record an amplitude of 1 mm. 

How must a system be designed for mechanically 
recording sound? Let the, stylus or cutter be 
attached to a spring- -controlled armature, which 
for instance’ may be driven electromagnetically by 
the amplified microphone currents. The mechanism 
can be visualised as a mechanical oscillator of mass 
m (armature ‘with cutter), a directional force c 
(spring control) and a certain damping constant r. 
If the system is set in’ motion by a force k sin w t, 
it will oscillate with an amplitude: 

eee VA 


This equation can be reduced to the form: 


A 2l j 
mne T a) 
ke ` y [1 — ( oloo)*]* epe -8* (aloo)? 

where eg; = V “elm is 2« times the. natural fre 


quency of the undamped system and 8 — r|Vme 
is the only parameter contained in this expression. 
Fig. 10 shows A/(k/c) plotted against olos. for 
various values 5 of the parameter. If the damping 
is not too high (8 < 1), resonance is obtained in 
the ‘neighbourhood of w/o) — 1, ie. when the 
‘driving frequency is close to the natural fre- 
quency o; The curves show that it is essential to 
remain below the resonance. frequency if an ampli- 


tude sufficiently independent of the frequency is- 


to be realised, or alternatively, since the frequency 
range of sound registration is fixed (up to approx. 
8000 cycles) the driving system (sound recorder) 
must be so dimensioned that its natural frequency 
wo = y ‘elm lies within. the range of the-highest 
foequeutios to be recorded. For*this purpose it is 
` evident that the controlling force, c must be made 
large and the mass -m small. The diminution 


possible in the mass of the armature is, however, `- 
- limited by the dimensions which it must have in 


“order to obtain the requisite driving force -to 
overcome the resistance of the tape and inertia 
of the cutter. We are therefore constrained to make 
the directional force (of.the spring) c of the 
system very large, but this in its turn results in the 
amplitude A, with which the system responds to 
one and the same force k, becoming -undesirably 
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small; this follows from equation (1). This draw- 
back cannot be remedied, either, by increasing k 
arbitrarily, since this will lead to an increase in 
the stress on the material and soon exceed the 

permissible TET load. 
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Fig. 10. Resonance curves of am oscillating system (spring 
controlling force c, mass m, damping r) set in motion by a 
force k sin wt. The frequency ratio w/w, (e, = 2 T times 
natural frequency) is plotted. along the abscissa (which for 
‘convenience’ sake is divided logarithmically), and the ratio 
of the amplitudes A/(k/ic) (A = amplitude with which the 
system responds ‘to 'excitation) along the ordinate. The 
resonance curve if plotted in these dimensionless variables 
is completely determined by the similarly dimensionless 
parameter À = r/Vmc. In working out the dimensions of 
the sound recorder the form of the resonance curve is 
the primary factor; 9 ought to be made equal to about 
unity. In addition A/k should.be. as large as possible. 

(Reproduced from B. D. H. Tellegen, Arch. Elektro- 
techn. 22, 62, 129.) 
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The conclusion must therefore be drawn that a 
high natural frequency and a considerable ampli- 
tude independent of the ‘frequency cannot be 
realised simultaneously €). Miller. provides a 
way out of the difficulty: By giving the cutter the 
shape of an obtuse wedge (fig. 1) the sound-track 
is recorded with a large amplitude (— half-width 
of track — 1 mm at complete modulation), while 


the amplitude of the mechanical oscillating system 


' serving as sound recorder need only be compara- 


tively small, viz, a maximum of 25 y. These values 
can just be attained by most careful construction. 
In a following article the whole problem involved 
here will be discussed in greater detail. Fig. 11 
gives the frequency characteristic of the sound 
recorder which has been attained at present. 


6) In the mechanical recording of sound on’dises, condi- 
tions are much simpler , in this respect as only at the 
lower frequencies is a pronounced amplitude required, 
but with .the high frequencies a lower amplitude is 
needed; this kind of frequency characteristic is readily 
to be obtained from the ordinary form of resonance 
curves, see fig. 10. . 
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Fig. 11. Characteristic of the sound recorder (continuous curve)’ sag at present s, 
‘constructed, The sound frequencies in cycles are plottéd Yogarithinically” along the OPES 
abscissa and the amplitude differences-in decibels along the ordinate. (A difference . ` 
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of m decibels between two amplitudes A, and A, (4, > A,) signifies ‘that the squares ^. e 
‘of the amplitudes 4,? and A,? are in a ratio of 109-17 ; 1), Tt is seen that the amplitude i 
between 20 and 6000 cycles is practically independent of the frequency. The dotted - 
line gives the characteristic of the whole recording and-reproducing apparatus; by ` ac 
suitably designing the amplifier the characteristic is still further improved with 
respect to the continuous line; the differences in the range between 20 and 8000 
cycles do not now exceed 2: decibels, which is hardly to be heard. Reproduction is 


+ 


. thus free from (linear) distortion. . 


The high magnification with the wedge-shaped 
cutter called for the solution of a number of 
practical problems. The slightest change in the 
distanee between the cutter and the tape, as a 

. result for instance of a slight eccentricity of the 


.roller carrying the tape or the presence of a. 


particle of dust between the roller and tape, or 
a slight variation in the thickness of the tape, is 
able to cause immediately an ‘audible distortion 
of the sound-track. The recording apparatus must 


therefore be constructed with the greatest precision, 


while in the manufacture of the tape every care 
must be taken to obtain maximum uniformity and 
purity of the material. This latter precaution is 
also necessary in order to prevent the very heavily- 
stressed cutter becoming damaged by particles of 
‘dust or traces of impurities in the gelatine layer. 


It is also most essential to have an absolutely. 


uniform motion of the tape. The resistance applied 
by the tape to the cutter, however, varies with the 
width of track from 0 to 2 kg, this rendering the 
uniform motion very difficult to be obtained. The 
fluctuation in load cannot be taken up by the 
perforation taken over from the picture film and 
by the driving sprocket wheel, without producing 
undesirablé vibrations in the tape motion. À new 
driving method has brought the remedy here. 
` The recorded tape can.be copied photograph- 
ically in the same way as an ordinary variable- 
: density or variable-width.sound-film, but. as the 
m AS 


sound-track possesses a modulation not only in its 


width but also in its density, it acts on a beam 
‘of light passing through it as if it’ were a prism. 


The fluctuations in the light resulting herefrom 


do not cause interference,.and in any case can be 


rendered innocuous by simple means: 3 


Characteristics and Applications of , the Philips- i 
. Miller System 


The sound-track on the "Philimil" tape has the 


same desirable characteristics as the ordinary film: 
_A longer playing time (30 tot 60 minutes), the 
possibility of cutting and splicing, and the pro-: 


duction of copies photographically. In addition all 
disadvantages of the photographic material have 
been avoided. All operations with the film strip 


can now. be carried out in daylight. The sound-. 


track is more sharply recorded since no granulation 
and dispersion of light in the photographic émul- 


sion occur here, see fig. 12. Moreover, owing to the 


almost complete absence. of. granulation in the 


material the ground noise has been considerably. 


reduced. High frequencies are recorded with more 


fidelity; the cutter can be made so sharp that it. 


does not alter the frequency characteristics, as was 
the case in the optical method of recording by the 
width of the light-slit. n 
The most important ànd most striking advantage 
offered by this method.is that: the sound-track 


114 PHILIPS TECHNICAL REVIEW 


can be reproduced immediately the recording 


process has been completed (e.g. after 1/5 of a 


second). This property is of the greatest impor- 


1000- 


cycle note on the "Philimil" tape, with the same magnifi- 


Fig. 12. 


Microphotograph of the sound-track of a 


cation as in fig. 8. The coating is devoid of all grains and 
the edges of the sound-track are sharply defined. The ground 
noise is therefore much reduced. 


tance and value when recording sound-films. The 


producer has now no longer to wait for the 


development of the light-sensitive film in order to 
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decide whether the sound record conforms with 
After 


recorded he can listen in to the playback of the 


his requirements. each scene has been 
sound-track immediately and decide on the spot 
of the sound-track for documentary and other 
repeated. 

For broadcasting purposes also, the immediate 
reproducibility of the sound-track is of the greatest 
utility. The exchange of programmes between 
stations, the postponement of the transmission of 
current items of news (races, speeches, etc.) to a 
more suitable time of the day, the production of 
radio plays, all these are much facilitated by the 


Philips-Miller 


exceeds that obtainable with the wax disc. The 


system, while the tonal quality 
high fidelity of reproduction also offers a method 
of copying sound-records which in certain circum- 
stances may be very convenient, viz, by making 
a new record of the reproduced sound track on a 
second "Philimil" tape. This "mechanical" copying 
can be carried out at the same time as repro- 
duction, so that a direct duplicate can be obtained 
other 


of the sound-track for documentary and 


purposes. 


NT 


By €. ROMEYN. 


Introduction 


With the progressing. development of commer- 
cial flying, the need for some means of intercom- 
munication between an aircraft in flight and the 
airport very soon became apparent, and the first 
passenger and commercial airplanes, although still 
very small, were already equipped with wireless 
apparatus. With the steady and radical improve- 
ments in technical methods and apparatus during 
the last ten years both flying and wireless 
technology have made rapid strides. The impor- 
tance of wireless intercommunication during flight 
has progressively increased and at the present day 
conceive of a 


it is impossible to passenger or 


commercial aircraft being without wireless 


apparatus. Reports of weather conditions along 
the aircraft route, landing instructions, direction- 
finding signals, etc., have become indispensable: 
to the pilot. 

It is the task of the wireless industry to provide 
suitable apparatus capable of meeting the special 
requirements for use in modern aireraft. That an 
aircraft radio equipment in many respects must 
differ 


stationary ground equipment is obvious. In the 


fundamentally from a permanent and 


present article the V. R. 18 aircraft transmitting- 


receiving equipment designed by Philips is 


described. This equipment has been specially 
evolved to meet the various requirements for use 
aboard aircraft, yet in its design attention has, 


moreover, been given to certain specialised needs 
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considering the application of this equipment for 
the Douglas air liners operating on the Nether- 


lands East Indies route of the K.L.M. air services. 


General Characteristics of a Wireless Equipment 
for Aircraft Use 


The V.R. 18 equipment (see fig. 1) consists in 
the main of the transmitter, receiver, aerial and 
requisite sources of power, as well as a series of 
auxiliary components such as the control box, the 
aerial lead-through, ete. In both electrical and 
mechanical characteristics, all components have to 
be designed to meet special requirements. Thus all 
parts must be as light as possible and take up the 
minimum of space without constituting an obstruc- 
tion. Furthermore, the equipment must be installed 
in such a way that it is not exposed to serious 
vibration or hard jolts. To permit the interior to 
be tested readily and quickly, easy dismantling of 
both the transmitter and the receiver is moreover 


desirable. 


Fig. l. Complete wireless equipment V.R. 18 for aircraft. 
(In the machines the 
mounted in different places) Z — 
Receiver. B. — Control box. ZO 
anode voltage of transmitter. OO 
anode voltage of receiver. S 

from trailing aerial to fixed aerial. 


various components are 
Transmitter. O — 
Converter furnishing 


Douglas 


Converter furnishing 
Switch for changing over 


Intercommunication between aircraft and air- 


port is nowadays performed almost exclusively by 
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telegraphic means. In this connection it is 
interesting to review briefly the historical develop- 
ment of the methods employed. During the early 
years of flying intercommunication with aircraft 
was carried out solely by means of the tele- 
phone. This instrument alone could be used at 
that time, since the pilot who had to operate the 
wireless apparatus already had both hands fully 
occupied in controlling the flight of the machine 
and it was thus impossible for him to work a Morse 
key. The disadvantages of using telephony became, 
however, steadily more apparent. In the first place, 
to cover the same range a telephone transmitter 
has to have a greater power than a telegraph trans- 
mitter; yet the most serious drawback of telephony 
is that it requires a wider frequency band, since, 
owing to modulation, an additional side band is 
transmitted at both sides of the carrier-wave fre- 
quency. In view of the increasing number of trans- 
mitting stations, which were concentrated in a 
comparatively small geographical area, the few 
frequency bands available were soon taken up. The 
only practical means for avoiding intensive mutual 


interference of stations was to adopt the tele- 


graphic method of intercommunication. This 
made it necessary to provide a wireless operator 
for each aircraft in addition to the pilot. This 


addition to the crew would, however, have become 
necessary for other reasons, even without changing 
over from the telephone to the Morse key. The 
greater demands made on the pilot by the more 
complex problems associated with navigation 
(flying at night and through fog) were already 
making the care of the telephone an onerous 
additional responsibility, while on the other hand 
wireless intercommunication for the self-same 
reason, viz, the much-increased number of reports 
required for safe navigation, itself demanded closer 
attention. Moreover, it had become practicable to 
carry a special operator, as larger aircraft were 
being built in which more room was provided in 
the pilot's cabin. 
Intercommunication between aircraft and air- 
ports is thus at the present time almost exclusively 
based on telegraphy. By international agree- 
ment the wave-lengths of 600, 944, 918 and 932 m 
have been allocated for wireless aircraft trans- 
mitters, of which the 600-m wave-length is only 


allowed for transoceanic flights. 


The Transmitter 


The transmitter of the V.R. 18 equipment is 


constructed for continuous-wave and tonic-train 


telegraphy. In the former a high-frequency oscill- 
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ation is radiated at intervals corresponding to the 
Morse signals. These oscillations are generated by 
a control stage S (see fig. 2) containing an oscill- 
ating valve (called the control valve) and a tuning- 
circuit. The oscillations generated are amplified 
by an amplifying stage V comprising two valves 
connected in parallel. In the anode circuit of this 
stage the amplified energy is fed to the transmit- 
ting aerial A. This method of wiring ensures a very 


constant frequency, as aerial reaction on the 
oscillator (control stage) is very small. For 
frequency adjustment the tuning-curcuit of the 


control stage is provided with a variable conden- 
ser, which by a snap action can be fixed in four 
standard positions. These four settings corespond 
to the above-mentioned standard international 
wave-lengths, but can be altered to conform to 
subsequent alteration 


any in the agreed wave- 


lengths. 


Q 
—Va -+ Va 


Fig. 2. Simplified circuit diagram of the transmitter V.Z. 18. 
S is the control stage, which generates the desired frequency, 
V the amplifying stage containing two valves in parallel, 
A the aerial circuit with aerial reaction, tuning variometer 
and ammeter. The voltage-drop at the resistance in parallel 
with the Morse key Sl is applied as negative grid bias Vg 
to all valves and inhibits transmission. By means of the 
Morse key this resistance is shorted and, as a result, the 
enabled to with the 
Morse signals. 


transmitter transmit in synchronism 


A high 


grids of the control and amplifying valves, which 


negative bias V is applied to the 
inhibits the oscillation. During transmission this 
negative bias is removed in synchronism with the 
Morse signals (see fig. 2). 

By means of a rotary interrupter, which is in 
series with the Morse key, the radiated high- 
frequency oscillation can, moreover, be interrupted 
1000 times per second. This method of trans- 
mission, tonic-train telegraphy, is used for making 
the connection with some station. Owing to the 
greater width of the frequency band as a result 
the 1000-cycle frequency, 


of modulation with 
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tuning is rendered more simple. But as soon as the 
connection has been set up, the wireless operator 
changes over to continuous-wave telegraphy, since 
the latter causes less interference owing to the 
absence of side bands. 

The Douglas air liners on the East Indies route 
of the K.L.M. have to cross regions in Asia where 
airports are few and far between. In order to keep 
in communication with at least one airpost a power- 
ful transmitter is required, and for this reason 
the power output of the V.R. 18 equipment in 
the aerial cireuit has been rated at 75 watts. The 
range when using a trailing aerial (see below) 
is then at least 600 km for continuous-wave tele- 
graphy and 300 km for tonic-train telegraphy. In 
certain circumstances the range may be consider- 
ably greater and on several occasions this equip- 
ment has been able to transmit over distances 
exceeding 6000 km. During flights in the European 
zone, where a large number of well-equipped air- 
ports are situated close to each other, a fairly small 
transmitting power is, on the other hand, sufficient 
for efficient intercommunication, provided atmos- 
pherie disturbances are not too serious. In fact, a 
transmitter with an excessive power output is 
undesirable for this zone, since it may interfere 
with the wireless signals being transmitted simul- 
taneously from an airport to other aircraft in 
flight. The transmitting power of the equipment 
can therefore be regulated, the aerial power being 
reducible to either a half or a quarter by increas- 


ing the negative bias of the amplifying valves. 


The interior of the transmitter, with the chassis 


pulled out, is shown in fig. 3. 


V.Z. 18 transmitter with chassis drawn out and front 


Fig. 3. 
wall removed. The housing and chassis are made of dur- 
alumin. 
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Fig. 4. Simplified: circuit diagram of receiver V.O. 18. The circuit shown is that 
of a five-valve superheterodyne receiver, where A is the first tuning circuit, H the 


high-frequeney amplifying stage, O the modulating and oscillating valve, Osc the, 


oscillating circuit, which is tuned to an oscillation with a frequency differing by 
an almost constant amount (differential or intermediate frequency) from the tuning 
frequency of A and H. The three variable condensers of these three stages are 
mounted on a common shaft. F, is the first and F, the second intermediate-frequency 
band filter; by means of à variable coupling the band width passing through these 
filters can be varied.. The intermediate-frequency amplifying stage M is situated 
between the two filters. The intermediate-frequency alternating voltages arè applied 


to the diode D, which also contains in the same glass-body the three-electrode valve - 


of the low-frequency amplifying stage L. Z is the beat oscillator which generates an 


oscillation differing from the intermediate frequency by a specific (variable) frequency |. 


(usually 1000 cycles). The oscillation of the beat oscillator is also applied to D, 
so that at the exit of the rectifying stage an oscillation with the differential frequency 
(1000 cycles) is to be heard. E is the terminal stage with the output transformer. 

The oscillating circuit J is tuned to the intermediate frequency and hence short- 


' circuits any (disturbing) carrier wave emanating from a long-wave transmitter with á 


frequency equal to the intermediate frequency. By means of the switch S the automatic 
volume control reacting on all preceding valves H, O and M, can be switched on 


_ (left position) or replaced by manual control (right position). To generate the rectified 
` output voltage for the automatic volume control a special detector d is provided. | 


This is necessary because the diode- D, being coupled to the beat oscillator Z, already 


] furnishes an output voltage when no signal at all is received at the receiver, and would 


thus in this case already reduce the sensitivity of the receiver. 
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The Receiver 


When crossing those areas -of Asia. sparsely 
provided with airports an aircraft must. needs be 
equipped with a very sensitive receiver. The super- 
heterodyne method, adopted “in the V.R. 18 equip- 
"ment is particularly - suitable for obtaining the 
- high sensitivity required. A ‘lay-out of the circuit 
employed (simplified). is shown in fig. 4. An octode 
(O) serves as a converter valve. It is preceded by a 
high- frequency amplifying stage (H). The inter; 


mediate frequency generated i in the converter valve ‘ 
is again amplified (in M ), then rectified (in D) - 


and amplified once more in the. low-frequency 


stage (L). A small beat oscillator (Z) is provided : 
„to render- the - - contitiudus-wave signals audible,“ » 


(since no audible frequencies per se are obtained 
from these signals after the, rectifying stage). This 
oscillator generates oscillations with a frequency 
which differs only slightly from. the intermediate 


frequency. If this frequency together with. the 

intermediate-frequency signals is passed to the 

rectifying stage, the Morse signals become audible 

on the differential frequency between the two. 

The frequency of the beat.oscillator can be regu: 
;, lated, so that the pitch of the Morse signals can 
be adjusted as required. This simplifies the separa- 
tion; of .stations operating on wave- lengths . close 
together. The receiver is rated for wave- -lengths 
: between 520 and 1300 m. 

“The . - apparatus, on à wave- length ‘of 600 m, 
fuinishes a power output of 10 milliwatts with a 
0.75 -p-volt: amplitude of the incoming signal?). 


- y 


. This is' roughly the maximum sensitivity which 
can be attained at present. ' 

The sensitivity, ‘of the receiver can be regulated : 
by hand, or an automatie volume control (see S 
in fig. 4) may be put into action with the aid ‘of 


1) Measured in accordance with the tistial definition of 
sensitivity. . . 
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which the receiver adjusts itself continuously to a 
fairly constant output power and the volume can 
then be adjusted by hand to the required value. 
Volume control is particularly useful when 
approaching radio beacons, as without it the 
volume has to be continually readjusted. 

A further requirement which has to be met in 
the receiving apparatus is the possession of a high 
selectivity. This feature is necessary to set up a 
reliable channel of communication in areas where 
air traffic is heavy, and is also of great value for 
flying in the tropics in order to reduce the effects 
of atmospheric interference. The circuit of the 
superheterodyne receiver permits a very high 
selectivity to be obtained in a very simple manner, 
for the intermediate frequency is constant so that 
a large number of invariable oscillating circuits 
can be tuned to it (see F, and F, in fig. 4). In 
some cases, however, a high selectivity is undesir- 
able, particularly during wireless telephone recep- 
tion (by cutting off the side bands, speech becomes 
distorted or even unintelligible) and particularly 
when picking up stations; in this case the wireless 
operator listens whether he is being called by any 
airport and must therefore listen as it were to all 
stations at the same time. To permit this to be 
done the selectivity of the apparatus is variable: 
the band width can be adjusted to 3.8, 5.5 and 7.5 
kilocycles. The smallest band width is used for 
receiving continuous-wave telegraph | transmitters, 
the medium width for telephony and tonic-train 
telegraphy, and the largest for picking up stations. 

A photograph of the receiver with the chassis 


pulled out is reproduced in fig. 5. 


Fig. 5. 


V.O. 18 receiver with chassis pulled out. The 
housing and chassis are made of duralumin. 
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The Aerials 


The Douglas air liners are equipped with a 
trailing aerial, i.e. a wire 60 m long which is 
loaded with a weight at the lower end and can 
be paid out during flight through a lead-through 
in the body of the aircraft. The paying-out and 
winding-in of the aerial is performed by a winch. 
An electrical counterpoise is provided by the metal 
fuselage of the aircraft. 

In many cases a trailing aerial cannot be used. 
The time required to fly from one airport to 
another at a small distance, e.g. from Schiphol to 
Waalhaven, is only a few minutes at the high 
speeds attained by the Douglas machines. This 
time is not sufficient for paying out the aerial. 
Nevertheless, unbroken radio communication is 
necessary, for the aircraft must receive its landing 
flights. 


Moreover, it is desirable when landing to take in 


instructions from the airport during 
the aerial in good time and yet remain in com- 
munication with the airpost up to the last minute. 
For this purpose each machine is equipped with 
an additional aerial which is fixed permanently 
above the body. This is also naturally the only 
means whereby landing can be controlled from 
radio-beacons. 

The Douglas air liners must be capable of flying 
in all weathers. Should they fly through storm 
clouds, a long trailing aerial will increase the 
danger of being struck by lightning. The aerial 
is therefore taken in and transmission and recep- 
tion must then be maintained with the aid of the 
fixed aerial. To keep in communication with the 
airport, which in this case may be at a greater 
distance, and in spite of the lower radiation of 
the fixed aerial, which has only one quarter of the 
"effective height" of the trailing aerial, every care 
has been taken that the maximum possible portion 
of the available energy is radiated. In view of this, 
not only the trailing aerial but also the fixed aerial 
has, therefore, been carefully adapted to the 
amplifying stage, by introducing a special aerial- 
loading inductance and aerial coupling. A single 
manual movement of the switch provided is all 
that is required to change over from the trailing 


aerial to the fixed aerial. 


Power Supply 


Perhaps the nature of the power supply best 
brings out how far improvements in aircraft design 
have had a fundamental influence on the design 
of the aircraft wireless equipment. In the past an 


outboard generator was used with an auto-regulat- 
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ing air-screw (the anode voltage and the filament 
voltage had to be kept constant; in other words, 
the speed of the air-scerew had to be independent 
of the "wind" velocity over a wide range, i.e. of 
the flying speed). As the flying speed was in- 
creased, which was achieved mainly by giving all 
and even the smallest components of the aircraft 
a stream-line design, the use of an outboard gener- 
ator was no longer permissible in view of its 
high air resistance. 

To act as a source of power for the whole 
equipment, the 12-volt starting battery is now used 
with the V.R. 18 set. The filaments are fed directly 
from the battery. The anode voltages for the 
transmitting and receiving valves are furnished 
by two converters which are driven from the 
battery. The anode voltage of the receiving valves 
must be properly smoothed and any interference 
eliminated. Formerly the necessary supply was 
therefore furnished by a dry battery: the converter 
now used for this purpose is of special design with 
the 


all causes of interference 


a very low interference from commutator 


brushes and in which 
have been most carefully eliminated by means of 
condensers and chokes. 

The the 


furnishes a uni-directional voltage of 500 volts at 


converter for transmitting valves 
300 milliamps and the converter for the receiving 
valves 200 volts at 40 milliamps. The starting 
battery is recharged during flight by a dynamo, 
which is driven from the aero-engines. Compared 
with the outboard generator, the battery offers the 
additional advantage that the machine can for 


some time continue to send out wireless messages 


from the ground, for instance after a forced 
landing. 


Installation of Equipment 


The transmitter with the associated converter is 
accommodated in a corner of the luggage cabin. 
It is suspended by shock-absorbing cables and is 
thus adequately protected against jolts and vibra- 


tion. The receiver is set up on spring rubber 
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supports in front of the operator’s seat (fig. 6), 


together with the control box, on which are 


arranged, among other items, the Morse keys, 
various switches and the aerial ammeter. For night 
flying, dial illumination is provided, being capable 
of regulation and so placed that it does not inter- 
fere with the pilot’s field of vision. The components 
of the transmitter and receiver are mounted on 
special chassis, which can be taken out separately. 
Like the boxes and the converter housings, these 
chassis are made of duralumin or aluminium in 
order to keep the weight as low as possible. The 
whole equipment (transmitter, receiver, two con- 
verters, winch and aerial lead-through, control box, 


switches, cable and telephone) weighs about 92 lbs. 


Installation of the receiver (above) and the control 
box (below) in front of the wireless operator in the pilot’s 


Fig. 6. 


cabin of a Douglas air liner. 


Ni 
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coloured light sources, an arrangement is described by means of which the luminous 
flux of gaseous discharge lamps are, measured in this laboratory. Some results 
. obtained in the photometric investigation of sodium and mercury vapour lamps with 
this apparatus are discussed in detail. The fundamental difficulties in the photometry 
of light-sources whose spectral intensity distribution does not correspond to that 
obtained with the standard, appear to be partiularly pronounced in measurements on 
the mercury vapour lamp. In conclusion, investigations are discussed which are being 
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" "." "THE PHOTOMETRY OF METAL VAPOUR LAMPS 
PEE Summary. Following a discussion of the principles of.photometry with regard to ‘ 
made in order to overcome the difficulties of heterochromatic photometry. 
Introduction l ` 


` As gaseous discharge lamps and in particular 
metal vapour lamps , have þecome more widely 
employed, the photometric investigation of colòurd 
light sources (heterochromatic photometry) be- 


came àn urgent technical problem. ,An account ` 


is given below as to "how the luminous flux of 
coloured light sources is measured in this: Jabora- 
tory, together | with, some spécial resulte obtained 
in measurements on; ‘sodium! and mercury vapour 


lamps: "ED UH "ru 1 EN uv oc. " 
| Before: entering’ into, details of. ‘these measure- 


fnentá some of the rinci les of, hetéróchromatic 
I 24 "d 


E: and therefore “ennot 3a cally be. reduced 
to a puré physical. basis. Such determination 
l depends ? entirely on the’ characteristics of the 
human eye. Particularly with very great difference 
ani rcolour i às. it difficult to decide whether two sur- 
faces £A alid" B ate equally, bright. Various critérià 
E Equivalent" brightness are feasible and are in- 
' deed employd i in practice; as. may. be gathered from 
.the followirg. Ceo 


1 3 n 


of. Brightness 


Method) 


Two light sources of different colour illuminate 


Direct Comparison. 
(Equality- of Brightness 


the two comparison 'fields of a photometer, viz, 
fieldsA ‘and B. The positions of the light sources 
are so adjusted that the observer "sees" both fields 
illuminated: 'equally bright. The criterion employed 
here yields’a definite result only if the difference 
in colour is sufficiently small. f 


Step by step Method 


If the difference in ‘colour ig so marked that a 
direct comparison is difficult, it is advantageous 


` 


Every Giioiofarió measicemeht is based” on the . 
e “comparison “oft brightness ty, dy alües., ‘The particular, 


. forms to the following laws: 


to introduce a series of intermediate stages, viz, 
the auxiliary fields A,, A, ... 4,, which respective 
to their neighbours show such slight changes in 
colour that a direct comparison of brightness is 
possible between A and A,, between A, and As, 
and so on, up to between A, and B. 


Ápplication of the Flicker Photo- 
meter . 


- 


‘In the flicker photometer, two illuminated sur- 
faces whose brightness values have to be compared 
with each other, are projected into the field of 
vision alternately with a specified frequency. At 
a low frequency the field of vision appears to 
flicker in intensity as well as in colour. Beyond a 


. certain frequency the colours merge into a com- 


posite colour, while with unequal intensities of 
the two surfaces a flicker in the brightness persists. 
At the lowest frequency at which the colour flicker 
has just disappeared, there exists a sharply defined 
adjustments of intensities at which the brightness 
flicker ceases also. The disappearance of brightness 
flicker may be considered to be a criterion for 
equality of brightness of the two surfaces. 

It is important that, under the specific experi- ' 
mental conditions laid down by Ives 1), the 
judgments regarding equality of brightness con- 


1) If brightness h, is equal to brightness he and 
h is equal to hs, then h; = hs (transitive law). 

2) If h, = hy and h, = h, then hi + he = 
hs + h, (additive law). h, + hè is the 
sensation due to the sum of radiations yielding 
the sensations h, and h; respectively. 


1). H. E. Ives, Phil. Mag. 24, 149, 352 and 853, 1912. 
The angle of vision of the photometer field must 
be about 2 deg. corresponding roughly to the yellow 
spot of the retina. This point will be discussed again 
later on. Furthermore, the brightness must be at least 
1 candle ‘per sq. foot (at lower brightness values the 
Purkinje phenomenon is obtained owing to a dis- 
placement of the spectral distribution of ocular sensitiv- 
ity). On the other hand it must not be too high, in 


order to avoid glare. i 
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The transitive law is an inherent need, if it. is 
‘ desired to characterize a certain brightness by a 
single numerical value. But it is the additive law 


which offers a fundamentally simple method for 


a photometry, which is objective, i.e. independent 
. of the eye of the observer. 

Ocular Sensitivity Curves and Physical Definition 
of Brightness . 


The eye responds most sensitively to rays with 
a wave-length of approx. 5550 A, so. that of all 
radiations which produce an equal sensation of 
brightness a monochromatic (green) radiation of 
5550 A has the least. energy. The ratio of the 
energy Essso of this radiation to the energy of an 
equally bright radiation with a wave-length À is 
a measure of the relative ocular sensitivity or 
luminosity factor V for the wave length A: 


Essso 
E (X) 


Various investigators have determined the spec- 


Y) 


tral distribution of relative ocular sensitivity for a 
large number of observers?). An average of these 
results has been accepted as the international 
ocular sensitivity curve ?). , 
By utilizing the additive law and the inter- 
national ocular 'sensitivity curve an objective 
measure H can be introduced to répresent the 


‘brightness of a radiation with arbitrary spectral — 


distribution. The brightness of a radiation com- 
posed of light of different wave lengths A, A, ... 
can by the additive law be put proportional to the 
sum of the products of the luminosity factors 
VQ), V (re) 
energies E(A,), E(A;) In practical units the 
definition of brightness so obtained is expresied 
as follows: 


H = 621 SV(4,) E, ince per sq. foot 


and solid angle unit. ' 


Here E is expressed in watts per sq. foot and 
solid angle unit (1 lumen per sq. foot and solid 
angle unit is equal to 1 candle per sq. foot). 

In general the intensity is continually distributed 
throughout the spectrum, then the sum:must be 
replaced by the integral: ` 


E a [vox E(X) d^ candles per sq. foot (1) 


"RET: . 

2) K. S. Gibson and E. P. T. Tyndall, Bur. Stand. 
Scient. Papers, Nr. 475, p. 131, 1923. 

38) Proc. International Commission of Illumination, 6th 

~- Meeting, Geneva, July 1925, pp. 67 and 232. Cf. also 
D. Judd, J. O. S. A. 21, 267, 1931. 
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. and the eorresponding radiation 


18) P. 


Br 


Measurement of Brightness 


For brightness measurements an observer should 
be required whose sensitivity curve coincides 
reasonably with the international curve. Experience 
has shown, however, that this condition is practi- 
‘cally never fulfilled. A simple method has therefore 
been sought for selecting a small group of observers 
whose average results are of sufficient reliability. 
To do this it is absolutely essential to be able to 
determine in some way the difference between the - 
sensitivity curve of an observer and the inter- 
national sensitivity curve. The method proposed 
by Ives and Kingsbury‘) for this purpose 
consists in determining the transmission factor of a 
yellow and a blue solution (aqueous solutions of 
potassium bichromate and copper sulphate of 
specified concentrations in vessels with an internal 
diameter of exactly 1 em) for the light from a 
carbon filament lamp of specific temperature. The - 
solution filters are so selected that theirtransmission 
factors are equal as measured with reference to the 


"international eye". The ”yellow- blue ratio" 


R transmission of yellow filter - 
yb transmission of blue filter 

for an observer i is then considered to be a measure 

for the deviation of his ocular sensitivity curve from 


| the international ` curve. If the observers are so 


chosen that the average value off all * "yelloiv-blue 
ratios" 
with a comparatively small number of observers 
the, average value of the results obtained will be 
in satisfactory. accord with the values which would 


is unity, then, according to Ives, even 


be obtained- on the basis of the international - 
luminosity curve. It must, however, be borne in 


mind that this method, which. up to the present 


has only been employed in photometric measure- ~ 

ments on incandescent filament lamps in which 
s "m > 71 

the differences in colour are small, cannot be 


applied without reservation to metal-vapour lamps. 


Description of the Photometric Apparatus 


X 


The apparatus ?), which has been used for some 
years in this laboratory, has been designed speci- 


- fically for the measurement of the luminous flux 


of direct-current and alternating-current gaseous 
discharge lamps. An integrating sphere is used in 
this apparatus which has been previously cali- 


brated with a lamp giving a known flux. The 


4) H. E. Ives and E. P. Kingsbury, Trans. Ill, Eng. 
Soc. 9, 195, 1914; 10, 195, 1915. 


Clausing, Physica, 2, 731, 1935. 
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arrangement of the apparatus is shown in fig. 1, 
the inscriptions below indicating some details of 
the design. The use of the flicker photometer for 
measurements with the sphere did not appear 
desirable at the outset, as in measurements with 


(5850 


Fig. 2. Photometric arrangement for determining the 
transmission factor of the filter f. 
Q — Standard lamp, 


H — Auxiliary lamp for photometric comparison, 
f = Filter, 
F = Flicker photometer. 


alternating-current: lamps difficulties. were antici- 
pated as a result of interferences between the 
alternating-current and the flicker frequency. For 


this reason the equality of brightnes method was. 


adopted and the chromatic difference kept as low as 
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possible by equalising the colour of the comparison 
surface to that of the gaseous discharge by means 
of a filter?). The flicker photometer - cannot, 
however, be dispensed with when using this 
arrangement, but serves for determining the trans- 
mission factor of the filter. Determination of the 
luminous flux of a gaseous discharge lamp thus 
requires three separate measurements, of which I 
and II need in principle only be carried out once 
for each type of lamp; these three are: 
I) Calibration of the filter, 
II) Calibration of the integrating sphere with a 
lamp of known luminous flux, and 
II) Measurement of the luminous flux of a 
. gaseous discharge lamp with the sphere by 
the filter method. ` 


Calibration of Filter 


Using a ‘flicker photometer F (scheme 2) the 


_.8) Similar methods have also been employed by. other 


laboratories, cf. e.g. G. T. Winch, E. H. Palmers, 
C. F. Machin, B. P. Dudding, G.E.CJournal 5, 
No. 3, August 1934. H. Buckley, Ill. Eng. 27, 118 
and 148, 1934. 


Fig. l. Design of integrating sphere. The inner surface of the sphere is painted with 
a neutral grey colour, ie. a colour whose coefficient of reflection is approximately 
independent of the wave length. Q — Standard lamp, V = Measured field of the 
sphere, E =: Opaque, white screen, M = Opal glass, B — Band lamp for photometric 


comparison, P — Photometer cube, S, = Lens for obtaining an image of V on the 
focal point of S,, S, — Lens for obtaining am image of M on the focal point of S,, 
land 2 — Filter boxes, f — Filter. The measurement of luminous flux by means of 

the integrating sphere is based on the fact that the illumination of every part of the 

n .surface which is screenéd against direct rays of the lamp (such as the measuring 
surface V here) is proportional to the total luminous flux. The illumination of V is 

* determined by photometric comparison with the illumination of the opal glass M. 
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horizontal candle power of an. incandescent lamp. 
Q with a known luminous flux L is measured on a 


photometer bench, the lamp being later used for ` 


calibrating the integrating. sphere. This measure- 
ment is carried out twice, viz, with and without 


Fig ig. 3. 
sphere. The filter f is so placed that both the radiations 
from Q and B have to pass through the filter. 


the filter f in the path of the light from Q. The 


transmission factor of the filter is calculated from 
the adjustments I;’and lọ obtained, thus: 


Calibration of the Integrating 
Sphere 


The ` andad lamp Q is submitted to photo- 
metric ‘measurement with the integrating sphere as 
' shown in fig. 3. The distance a between the opal 

glass window M and the comparison lamp B is 
determined at which the surfaces of the Lum me r- 
Brodhun photometer head, both viewed through 
the filter f, appear equally bright. ‘(The compari- 
‘son. lamp B is'a tungsten band-lamp.) 


Fig. 4. Sketch of apparatus for measuring’luminous flux. 
The filter f is so placed that only the light from’ B is 
filtered. ; x 


Sketch of apparatus for calibrating the integrating * 


` 


METAL VAPOUR LAMPS $ - 423 


xof ` 


Measurement of Luminous Flu 
Gaseous Discharge Lamps 


The gaseous discharge lamp G is set up in the 
arrangement shown in fig. 4 and compared photo- 
metrically with the comparison lamp B. The filter - 
f is in a position different from that during 
calibration; it is so placed that the light from the 
integrating sphere does not pass through the filter. 
If the adjustment of equality of brightness yields 


' a distance b between M and V the luminous flux 


of the gaseous discharge lamp is given by: 


a? l aY 
= L. (i i lumens. 
O d 


Lo-—LD 


' Filters 


Filters of coloured gelatine are used, viz, Wratten 
filters. The best combinations found for various 
types of light are shown in Table I. 

Table I. Best. combinations of Wratten filters for adapting 


the radiations of. a tungsten band lamp to various types 
of light. . , + 


. Principal 


Combinations of 
: wave lengths 


Type of Light Wratten filters 


in A Nos. 
Sodium light . 5890 and 5896 23 A + 57 
nu 5461, 5710, - 
Mercury light 5190, 4358 38 + 51 
Green mercury line 5461 .62 
Yellow mercury line 5770 and 5790 61 + 22 °° 


Table I also gives the filters used for measuring 
the luminous flux of individual mercury lines 
alone. In this case the mercury light must naturally 
also be filtered. The arrangement shown in fig. 3 
(rather than that shown in fig. 4) must therefore 
be used in these measurements. The absorption 
of the yellow or green mercury line by the filter 
is determined in a separate measurement, using a 
photo-electric cell *). 


Results 


‘The adaptation of the filtered radiation of the 


comparison lamp to the colour and .spectral 


distribution of the sodium vapour lamp is in gener- 


al very satisfactory. Photometric measurements of 
mercury vapour lamps are, however, more difficult, 
mainly because the colour of the light, emitted 
from these lamps varied considerably during the 
rapid technical progress which has been made in 


7) The dereesinafian of the asenin coefficients with 
the photo-electric cell-is of course only permissible 
when the radiation undergoes no change in spectral 

* distribution as a result of absorption. ,This condition is 
fulfilled for instince on filtering monochromatic light. 
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' these lamps in the course of the last few: years. 
In addition the avalable filters for adapting the 
spectral distribution, of the comparison lamp to 
that of the mercury lamp are not so suitable as 
_ that for the sodium lamp. 

To test the reliability of measurements, the 
luminous flux of the yellow and green lines was 
separately determined for a number of mercury 
lamps in addition to the total flux. The sum of the 
values obtained for yellow and green radiation 
should agree to within a small percentage with the 
total flux, as the blue radiation contributes very 
little to the total light. Table II gives some results 
which appear quite satisfactory. 


Table YI. Luminous flux (lumens) of ‘green ‘and yellow 
lines separately and total flux of mercury lamps. 


` Green | Yellow 
line line 


Green + 


yellow 


Difference 


Total 
i per cent 


More protracted measurements and a change in 
the group of observers have, however, shown that 
photometric measurements were not always repro- 
the 
adaption., Table III shows that measurements 


. ducible. owing -to . inadequate chromatic 
made by the two observers R and K, which were 
in satisfactory agreement in February, were subject 
to a marked deviation in August. The: second 
column gives the results obtained by the same 
observers when using a flicker photometer instead 
of the equality of brightness method. In this case 


Table III. Luminous flux (lumens) of mercury lamps, 
measured by two observers in February and August. 


Filter | Differ-| Flicker] Differ- 


Observer 


R 


'K 


The results obtained by the two observers using the filter 
method are in very good agreement in February, but differ 
considerably in August. Moreover, except for observer K 
in August, there is a marked difference between the results 
obtained by the filter method and with the flicker photo- 
meter. 


method| ence %|method| ence % 
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there is no abrupt difference. in the results. ob- 
tained by the different observers. From this it 
may be concluded that the sudden anomaly is not 
due to a change in the properties of one observers’ 
eye. i i 

. Investigations are being prosecuted in three 
directions with the goal of improving the repro- 


_ducibility of the measurements. 


Reduction of the Photometer Field 


As Ives (cf. footnote *)) has shown, the results 
obtained with the flicker photometer are only 
reliable when the angle of vision does not exceed 
2 deg. With direct comparison also a systematic 
difference is observed between the results obtained 
with angles of vision of 6 deg. and 2 deg. respect- 
ively. As to be expected, «n reducing this angle 
the difference between the equality of brightness 
method and the flicker photometer ` diminishes. 
Table IV gives the results of measurements carried 
Table IV. Luminous flux (lumens) of three mercury lamps, 


measured by the flicker method and the equality of bright- 
ness method with angles of vision of 2 deg. and 6 deg. 


Flicker 


Equality of 
Yoage| brightness | %age 
differ .method differ- 
ence | Angle of field ence 
2 deg. | 6 deg. 


method 
Angle of 
field 8) 
2 deg. | 6 deg. 


Lamp | Observer 


+99 
462 
+5.6 


| 483 
+7.2. 
+5.5 


+93 
+5.1 
+5.6 


On using the equality of brightness method, it was found 
that a decrease of the field of vision from 6 deg. to 2 deg. 
causes a considerable reduction in the observed values of 
luminous flux (particularly with observer V). With the 
flicker photometer the influence of the angle of vision is 
less marked. The difference between the results obtained 
with the flicker photometer and the equality of brightness 
method is certainly reduced by diminishing the angle of the 
photometer field, but is not entirely eliminated. : 


out all on the same lamp with angles of vision of ' 
6 deg. and 2 deg., and with an equality of brightness 
photometer and a flicker photometer respectively. 


: 8 The flicker photometer with 6 deg. angle of vision : 


(Bechstein type) has a divided field; the inner field 
of 2 deg. flickers in opposition to the outer field. The 
observation that (contrary to the statement of 'Ives) 
the results obtained with the 2 deg. and 6 deg. fields are 
practically the same is perhaps due to the fact that the 
eye of the observer is fixed on the inner field only. 
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Application of the Flicker Photometer also to 
^ A.C. Lamps 


"da spite of TE i egi the brtghinsbs 
fluctuations of A.C. lamps and the flicker frequency, 
the measurements with the flicker photometer 
were found reproducible beyond all expectations 
(see Table V). Since, however, as indicated in 
Table III, three of the four measurements using 
the equality of brightness method yielded higher 
brightness values for the mercury lamp than the 


Table V. Reproducibility of measurements on alternating. 
eurrent lamps with the flicker photometer. 


Date of | Sodium Sodium Mercury Mercury 
measure- | |". Lamp Lamp Lamp | Lamp 
ment 70 watts 50 watts | 500 watts | 400 watts 
i . ]umens lumens lumens lumens , 
11.10.35 — — 23400 15580 
15.10.35 E — 23400 15600 
. 4.11.35 3400 2020 — 4 15650 
16.11.35 — .2080 — _ 
30.11.35 3450 2110 23670 15940 - 
0 41.6 — = 23510 — 
14136 . 3410 | 2015 — 15690 
24.1.36 — — oS _ 15020 
23300 — 


.26.2:36 | ah — 


The values for the luminous flux of one and the same lamp 
obtained on. different days agree within the limits of the 
accuracy of measurement, which is a few per cent. 


- flicker photometer, the question arose as to whether 
- systematic errors occurred .in measurements on 
A.C. lamps when using the flicker photometer. This 

point was investigated by means of a light-source 
l flickering with -a 100-cycle frequency, which was 
: produced by rotating a sector disc in front of a 
direct-current Jamp. It was found that between the 


PHOTOMETRY OF METAL VAPOUR LAMPS 125 


photometrically measured transmission factor of 
the sector disc and the value calculated from the 
dimensions, non-systematic errors not exceeding 
4 per cent occurred, so that in this respect there is 
no serious objection to the use of the flicker 


photometer. 


Physical Measurement of the Luminous Flux 


The luminous flux is defined ona physical basis 
by equation (1), indicating that it is fundamentally 
possible. to determine the value of this magnitude 
by purely physical means. For this purpose a light- 
sensitive apparatus is required which reacts to 
radiation of- the wave length proportional to 
E (X) V (X) (eg. electrically). Furthermore, the 


reactions to raditions of different wave -lenghts 


must be additive. The construction of such an 
apparatus using a photo-electrical cell and filters 
has been described in detail by Kónig?). The 
practical application of this objective method 
is undoubtedly highly desirable -because | with 
every subjective method it is very difficult 
to determine in how far results obtained by a 
limited number of observers conform to the results 
based of international luminosity curve. There are, 


, however, certain technical difficulties, since severe 


requirements have to be met as regards the ab- 
solute constancy of the properties of the’ photo- 
electric cell and the filters. It may;f however, be 


. expected that these difficulties. will be overcome 


enabling the physical measurement to be regarded 


` as the most suitable method of the future. 


. Compiled by G..HELLER. 


9) H Köni g, Helvetica Physica Acta 4, 427 and 433, 1934, | 


ES 
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A very sensitive spring balance 


It has been known since ancient times that forces 
and in particular weights, can be measured by the 
elongation they produce in a spiral spring. Spring 
balances based on this principle offer various 
advantages, such as extreme simplicity of construc- 
tion, the possibility of taking continuous readings, 
etc. Moreover, by making the spiral spring of very 
thin quartz wire (quartz being very suitable on 
account of its small elastic after-effect and its 
chemical inertness) it is possible to obtain very high 
sensitivities, as a result of which these spiral springs 
can be employed for numerous purposes and par- 
ticularly for micro-investigations !). Spring balances 
of the type described below are used technically, for 
instance, in gas analysis, for checking the liberation 
of gas from metals in high-vacuum tubes. They may 
for testing the amount of 


futhermore serve 


moisture absorbed by textiles and paper, for 


testing the spread of lubricants, and in general for 


measuring very small forces or weights. 


For the study of gases one frequently makes use 
of the adsorption phenomenon whereby the gas 


1) See for instance J. W. MacBain and A. M. Bakr, 
J. Am. chem. Soc. 48, 690, 1926. 
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adheres to the surface of a suitable solid sub- 
stance. When this adsorptive substance is suspend- 
ed from the quartz spring in a space into which 
the gas is introduced, the increase of weight of 
the adsorbing medium resulting from the adsorption 
of a certain quantity of gas causes an elongation 
of the coil which can be read accurately to within 
0.01 mm by means of a cathetometer. 

The sensitivity of a spring balance of this type, 
i.e. the elongation per unit weight suspended from 
it (em per mg) increases with the thinness of the 
quartz wire, the width of the spiral and the number 
of turns it possesses. With a thickness of wire of 
70u, a spiral of 2.5 cm diameter and 10 turns, a 
sensitivity of 1 cm per mg (and over) has been 
obtained here. The minimum elongation of 0.01 mm 
measurable with the cathetometer thus corresponds 
to a weight of 1/1000 mg. 

In order to be able to utilise this high sensitiv- 
ity, however, care must be taken that the initial 
load on the quartz coil (i.e. the total weight sus- 
pended from the coil) is made very small. In 
similar apparatus used elsewhere the initial load 
ranged from 500 to 1000 mg, so that a coil with 
a sensitivity | cm per mg would become extended 
by from 5 to 10 metres as a result of this load! 
For this reason a new method has been elaborated 
in which a few milligrams (this small amount 
medium is 


being sufficient) of the adsorbing 


deposited by volatilisation on a mica foil 5 p in 
thickness and 4 X 6 — 24 sq. cm in area. De- 
posited layers of this type have an active surface 
which is many times (e.g. 50 times) larger than 
the geometrical surface. The mica foil with the 
the 


quartz coil (see fig.), and as it weighs only about 


deposited surface-layer is suspended from 


25 mg the initial elongation is 25 cm. 

One particular problem in making the balance 
is the manner of preparing the quartz coils. This 
operation is performed automatically on a coiling 
machine in which a quartz cylinder is used as a 
core. If wires are used whose thickness does not 
vary by more than 5%, very uniform coils free 
from stresses can be obtained by this method. The 
quartz wires are prepared by a special process and 
their thickness is checked with the microscope. 


C. J. Dippel. 
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ABSTRACTS OF RECENT SCIENTIFIC PUBLICATIONS OF THE 
N.V. PHILIPS" GLOEILAMPENFABRIEKEN !) 


* 


No. 1050: J. H. de Boer and C. F. Viernes 


mans: . Adsorption of alkali metals 


on metal surfaces. VI — The selective . 


photo- electric effect 
915-922, Nov. 1935). 


Alkali atoms are primarily adsorbed át doti 
surfaces in the form of ions. From a covering 
fraction © upwards, atoms are adsorbed and these 
take up positions immediately adjoining an ion.. 
At covering fractions > © atoms are also adsorbed 
which are not linked directly to an ion but to other 
alkali atoms. The authors in this paper investigate 
the adsorption of sodium by tungsten. With low 
covering fractions, ordinary photo-electric emission 
of the tungsten takes place which is intensified by 
the electrical double-layer formed by the sodium 


( Physica 2, 


ions. At higher covering fractions (> O,) selective: 


photo-electric emission of the adsorbed ions forms an 
appreciable part of the photo-current. Those atoms 
which are bound next to the ions (O<0<0,) 
emit electrons only at comparatively short wave- 
lengths in the ultra-violet. But as soon as © > ©, 
a.selective photo-electric effect occurs at higher 
wave-lengths. This is due to the adsorbed atoms 
which- are -located near other atoms and are less 


loosely linked in such positions, but on transition . 


to' ions by photo-ionisation become more firmly 

bound than fn the neighbourhood of another ion. 

At the end of the paper a summary is given of 

parts I tot VI. 

No.1051: J. A. Mj van Liempt: Die Dampf-_ 
drucke der Metalle und’ ihre. Ver- 
dampfungsgeschwindigkeit. 
kuum (Rec. Trav. chim. Pays- Bas 54, 
847-852, Nov. 1935). - 


For regular crystals formulae are deduced ex- 
pressing the rate of vaporisation in vacuo as a 
function of the temperature, for the vapour press- 
ure as a function of the temperature, and for the 
heat of vaporisation at the temperature of vapo- 


‘risation. The rates of vaporisation and vapour 


pressures for different metals are in satisfactory 
agreement with the values calculated from these 


formulae. 


No.1052: J. van Niekerk: Changes in the: 


sensitivity of rachitic rats for vitamin 


D (Arch. néerl. de physiologie de 


im Va- ` 


s 


Phomme et des animaux 20, 477-480, 
Oct. 1935): 


The anti-rachitic dose of a vitamin D preparation 
of Reerink and van W yk determined by 
the authór before the introduction of standard 
preparations, appeared very smallto van Harre- 
veld compared with the activity ‘of the same. 
preparation in international units - estimated: sub- 
sequently by the author. The latter now explains 
this difference as being due to a diminution ‘of, 
sensitivity of his strain of experimental animals; 
this diminution was concluded from a. long series 
of control calibrations with international standard 
preparanu, d 


No. 1053: E. J. W. Verwey and M. C van 
Bru ggen: Structure of solid solu- 
tions of Fe,0; in Mn,0, (Z. Kris- 
tallogr. 92, 136-138, ‘Oct. 1935). 


By means of X-rays the authors have soils d 
the crystal structure of . a, Series .of solid solutions 
of FeO; in Mn;O,. Tt was. found that the tetrago- 


` nal structure of MnjO, (Hausmaniite) "with increas- 


ing Fe;O; content gradually . passes: over into the 
cubic spinel structure. The: axial ratio, which is 


1.16 with M30,,. assumes a. value. of 1.0 with: an. 


Fe—23: 
composition onwards the structure ‘can no longer 


atomic ratio of Mn: 


be distinguished from one ‘with cubie pamen: 


No. 1054: J. A? M. Van Bie pt and. J. E 
de Vriend: Die. Schmelzzeit von 


Schmelzsicherungéh ] Ir (Z. Pues :98, 
Tom. 140, "Nov. 1935). - 8 


By means, of a 1 high-vaeium; cathode- -ray oscil- 
lograph, the times of fusion of a number of fusible 
cut-outs were ‘determined at different short-circuit 
current values, which ` were -upi to 20 times the 
limiting current ratings ‘of the; ;fuses. In the case 
of 2-25 amp fuses, it was, found in accordance with 
previous investigations that the product of the 
time of melting and the square of the applied 
short-circuit current was fairly constant for each 
type of fuse. The 
agreement with the values calculated theoreti- 


constant is in satisfactory 


1) Reprints of these papers may be obtained on application 
from Philips Laboratory, Kastanjelaan, Eindhoven, Hol- 
land. 


2; sọ that from. this id 


|. oxide 
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cally. Finally 6-amp fuses were loaded with the 
limiting current of 6 amps for half an hour and 
in this pre-heated state the short-circuit current 
was applied. The time of fusion was then found to 
be reduced to half the initial value. 


No.1055: E. J. W. Verwey: Electrolytic con: 


duction of a solid insulator at high 
fields. 
oxide film on aluminium (Physica 2, 
1059-1063, ‘Dec. 1935). 


The formation of the anodic 


To account for the formation of the crystalline. 


film during the electrolytic oxidation of 
aluminium, the author suggests the following 


mechanism: Under the action of the powerful 


field, Al ions are drown into the initially formed 


. surface oxide film composed of close-packed oxygen 


' 


ions, wherein, electrolytic conduction then takes 


place. As the author has already shown the product. 


obtained is y’-Al,03, a cubic face-centred oxygen-ion 
lattice in which the Al* ions are distributed statisti- 
cally, viz, 70.per cent at the octahedral positions 
and 30 per cent at the tetrahedral positions. The 
unoccupied positions then serve as 
in the sense of Frenkel’s 
theory of,electrolytic conduction in a solid. The 


lattice positions" 


electrical conductivity calculated is of the same 
order of magnitude as the measured values. 


W. G. T EN and J. L. Sarek: 
“Lattice distortion and coercive force 
in single crystals of nickel-iron-alumi- 

‘nium (Physica 2, 1064—1074, Dec. 
1935). 


No. 1056: 


The phenomenon of hardening as a result of the l 


tendency for the precipitation of molecules from 
the super-saturated solid solution is investigated 
by X-rays and magnetically on single crystals of 
Ni-Fe-Al alloys, obtained by unilateral cooling. 
The y-phase which should be precipitated, doesnot 
óccur under normal conditions of hardening but only 
on heating to above 1000 deg. C. During hardening 
characteristic changes in the X-ray diffraction lines 
of the a-phase are observed. The authors assume 
that in the original crystal lattice nuclei of varying 


composition are formed which possess a different . 


lattice distance and hence produce stresses in their 


environment. On’ increasing or enlarging these 


"intermediate ` 
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nuclei, the coercivity increases to a maximum, 
after which it diminishes again. This may be ex- 
plained either by a plastic deformation of the 
stressed material which in this way regains its 
structure or by the assumption that the precipita- 
tion of the y-phase does actually take place, the ` 
unstressed lattice then being re-established during 
transformation. 


No. 1057: E. J. W. Verwey: Eenige vlakken- 


gecentreerde roosters met onvolledig 
gerangschikte kationen (Chem. Wbl. 
32, 721-726, Dec. 1935). 


The structure of many crystal lattices is deter- 
mined by the anions which are considerably greater 
than the cations. In the case of the crystals under 
consideration here the anions form a regular 
face-centred lattice; on the other hand the cations 
are distributed statistically over the available tetra- 


. hedral and octahedral positions. The various types 


of thesé "intermediate structures" differ in. the 
degree of random arrangement of the cations owing 
to their thermal mobility, or in the presence or 
absence of unoccupied positions in the statistical 
distribution (cf. also Nos. 1039. and 1040). 
No. 1058: A. Bouwers: Die Leistungsfrage 
bei  Róntgenaufnahmen | (Róntgen- 
praxis 7, 779-780, Nov. 1935). - 


In this paper the commonly-held opinion is 
opposed that in order to improve the definition of 


_the X-ray pictures the power of X-ray tubes must 


be raised. This raise at the present could only be 
achieved by enlarging the radiating focus whereby 
the geometrical lack of definition U of the radio- 


. graph would increase. Though the lack of definition 


caused by the motion of the object, U,» would 


_ diminish (the increased power enabling a shorter 


time of exposure), the definition would not be 


‘much improved; since the optimum definition in 


a radiograph is always obtained when U, — U, 
From these considerations the autbor concludes 
that by shortening the time of exposure the defini- 
tion. of the picture will only be increased, when 
this shortening is possible (owing to more sensitive 
photographie material) with a reduced power: 


of the X-ray tube. 
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THE MERCURY VAPOUR LAMP HP 300 


Contents. Electrical discharges through mercury vapour at high vapour pressures con- 
stitute light-sources with a high luminous efficiency coupled with small overall dimensions. 
The new mercury vapour lamp "Philora" HP 300, which is designed for connection to 
alternating current mains, has roughly the same size and shape as an incandescent lamp ` 
of the same rating (75 watts) but gives three times the luminous flux. The present article 


' discusses the electrical and illumination characteristics of this lamp, with special reference 


to the importance and the function of the current-limiting unit (series or leak transformer) 
and the spectral composition of the emitted radiation. : 


Introduction 


In the history of the technical application of 
electricity for illumination purposes various periods 
of development can be distinguished. Neglecting 
consideration of the arc lamps, the first period may 
be regarded as starting from the time Edison 
demonstrated his -first carbon-filament lamps and 
lasting to the beginning of the present century, 
during which these carbon filament lamps com- 
pletely held the field. About 1900 there appeared 
the first Nernst lamps and a variety of metal- 
filament lamps, first merely as negligible competitors; 
but later gaining such ground that by about 1912 
they had practically ousted the carbon-filament 
lamp. And today when the field has been held 
almost exclusively by the tungsten-filament lamp 


for a period of nearly 25 years, gas-discharge. lamps ` 


are steadily encroaching on its preserves. 
variety of important directions sodium and mercury 
lamps have already been adopted on a large scale 


: for practical purposes, principally for street and - 


road lighting and for illuminating shunting- yards 
and workshops. . 
In the'new “Philora” lamp HP 300 Philips have 


added a small mercury-vapour lamp, which possesses 


an exceptionally high efficiency, the output of light 
being about three times that of a tungsten lamp 
of the same rating. In the long run, will this lamp 
be capable of displacing the tungsten lamp in the 
same way as the latter has completely superseded 
the carbon-filament lamp ? 

No, this cannot be anticipated, since the tungsten 
lamp possesses certain desirable characteristics 


In ` a 


which are lacking in thé new lamp. Thus the 


tungsten lamp burns at its full brilliancy the 
moment it is switched’ on, whilst in the new lamp 
several minutes must elapse before this state is 
reached. Moreover, the colour of the mercury light 
differs from that which one has become accustomed 


PRICE 


to with the incandescent lamp. 


But what may be expected from the new lamp ? 


Wherever the level of illumination is low, a marked’ 


increase in this level can be obtained with a lamp 
of this type for a small extra current consumption. 


By mixing the mercury light with that of the ` 


incandescent lamp a very pleasing tone coupled with 
a high luminous efficiency is obtained. Thus if 
tungsten lamps of 200 watts ‘are supplemented by 
a 75-watt mercury - lamp, the luminous flix is 
practically doubled, and all’ colours appear very 
nearly the same as in ordinary daylight. This 


mixed light thus offers advantages as compared | 


with the light obtained from each source separately. 


Although the carbon-filament lamp during the. 


early years of lighting by electricity made à very 
important contribution to the development of this 
branch of electrical engineering, it yet remained 


to the much more efficient tungsten lamp to 


popularise the use of electric lighting to a degree 
which a decade previously. no one would have 
dared to prophecy. In less than 50 years the annual 
consumption of incandescent lamps has grown to 
more than a thousand million, accounting for the 
consumption of about 25 10? kWh of electricity 
per annum. Electric lighting has introduced elec- 
tricity- into practically every household. 
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We are now again on the threshold of an im- 
portant advance in the increased efficiency of 
electric lighting. In view of the fact that the level 
of illumination in practically all applications of 
electric lighting still is kept very low for economic 
reasons, it appears that the new lamp will also open 
up a number of new avenues of application for 
electric illumination which have hitherto not been 
accessible to it. 


Characteristies of the New Mercury Lamp 


Fig. 1 shows the mercury vapour lamp in its 
natural size. The discharge tube is of quartz, with 
the liquid mercury contained in the small cupules 
which surround the electrodes. During operation 
the pressure of the mercury vapour rises to 20 atmos. 
The external dimensions of the glass bulb are 
similar to those of an incandescent lamp of the same 
rating. The principal electrical and illumination 
data for this lamp are collected in table I. 


TABLE I. Characteristics of the mercury lamp HP 300 in 
stationary operation. 


230 volts 
0.4 amp 
15 watts 


Voltage-drop across the lamp . 

Current. intensity T 

Consumption of lamp ..... 

Losses in connected transformer 
5450 G/86 

Power factor 

‘Luminous flux. 

Net yield of light z 

Diameter of discharge tube . 

Distance between electrodes 

Mean luminous density . 

Luminous density along axis 


15 watts 

0.55 

3000 lumens 

33 lumens per watt 
ab. 4 mm 

18 mm 

420 candles/sq. em 

ab. 1150 candles/sq. em 


The lamp is designed for running from an alter- 
nating-current mains supply. As with all other gas- 
discharge lamps, the new mercury vapour lamp 
also may not be connected directly to the mains, 
but must be connected in series with a resistance, 
condenser or a self-induction coil, in order to limit 
the current. The use of resistances is naturally 
avoided as far as possible in order to guard against 
supplementary power-losses. A strikingly simple 
solution of this problem is offered by the use of a 
transformer with a high leakage which serves 
both as a voltage source and as an inductive 
series resistance. The leak transformer (type No. 
5450 G/86) provided for the new lamp is so rated 
that on the secondary side an inductive resistance 
of suitable magnitude is obtained and on con- 
necting to a 220-volt mains supply the open-circuit 
voltage of 410 volts(eff.) for starting up and 
running the lamp is furnished. 

To obtain a closer insight into the operation of 
this current-limiting unit, oscillograms were regis- 
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Fig. l. Mercury vapour lamp *Philora" HP 300 rated for 
75 watts and 3000 lumens in natural size. 

tered of the voltage drop Up across the discharge 
and U, across the unit in question, as well as 
of the total voltage U and the current intensity 
I (fig. 2). These curves show that the total tension 
is practically of sinusoidal form. On the other 
hand the voltage-drop U, at the discharge when 
represented as a function of the time is roughly 
of rectangular form. The magnitude of the voltage- 
drop is thus almost independent of the current 
intensity, and we will call it the running voltage 
Ej. The direction of the voltage-drop, however, 
suddenly reverses when the direction of the current 
is reserved. The instant after reversal the voltage- 
drop rises to a higher value Ej, which we will 
term the re-ignition voltage, as this voltage is 
necessary to re-ignite the lamp when it becomes 
extinguished each time after reversing the current. 
The voltage U, at the series transformer is equal 
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to the difference between U and Up. It is therefore 


not sinusoidal but, as shown in the figure, has a 


16168 


Fig. 2. Oscillograms of mercury vapour lamp HP 300 under 


normal running conditions. Up = discharge voltage; U; 


voltage at series unit; U — total voltage; | — current intensity. 


fairly complex form. As the series transformer has 
an inductive resistance, the following relationship 
holds between the current intensity J and the 


voltage U;: 


This expression indicates in accordance with fig. 2 
that the current attains its highest value when the 
voltage U, changes sign. Only when this has 
occurred does the current commence to drop. 
It is thus found that the current lags behind the 
feed voltage U, which was to be expected owing 
to the inductive character of the series transformer, 
although the currents in question here are not 
sinusoidal. When the current intensity becomes 
equal to zero, the voltage-source is already furnish- 
ing an appreciable reverse voltage. The magnitude of 
the re-ignition voltage Ep now determines whether 
this reverse voltage is sufficient to re-ignite the 
lamp immediately in the opposite direction after 
it has been extinguished. This is definitely possible 
if the ignition voltage is sufficiently low, as in the 
case shown in fig. 2. But under certain working 
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conditions the lamp remains dead for a finite 
period, the so-called dark pause, before the current 
changes direction and before the tension has again 
reached such a value that re-ignition of the discharge 
takes place. Fig. 3 shows the calculated fluctuation 
of the voltages and the current intensity assuming 
a sinusoidal total voltage, a rectilinear voltage-drop 
at the lamp and a purely inductive resistance at 
the series transformer. The agreement with the 


oscillograms is very satisfactory. 


U 
Up 
—— t 
J 
b tg ty -t 
160 31 


Fig. 3. Calculated current and voltages of the gas discharge 
and the series unit assuming simplified characteristics for 
the lamp. The concordance with the oscillograms is very 
satisfactory. 


Shortness of the dark pause is not only advantage- 
ous from considerations of better illumination (less 
flickering) but also enables the lamp to be run with 
the minimum feed voltages. The re-ignition voltage 
Ej is indeed not constant but increases during the 
dark pause, and as a result the running of a lamp 
with a resistance in series requires higher peak 


voltages than when using chokes in series. 


Heating-up and Stability 


The voltage-drop Ej and the power output W of 
the mercury-vapour discharge both increase with 
the vapour pressure. If W is represented as a func- 
tion of Ej, nearly a straight line as shown in fig. 4 
is obtained for the HP 300 mercury lamp. The 
curves N,, N; and N, give the inputs of the lamp 
fed through the series unit, also as a function 
of the voltage drop, for an opencircuit voltage U 
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of 410 volts; and: various settings of the leak W. As the input of energy is always in excess, the 


transformer. Expressed as a function of the voltage- temperature as well as the re-ignition voltage rises ` 


drop the power input has a maximum value. until (at Ej = 350 volts) the maximum feed voltage 
This may ‘be readily understood, for at Eg = 0 is insufficient to ignite-the lamp. The discharge 
the voltage-drop disappears and at Eş ='580 is then extinguished, the temperature drops, the 
the current disappears. Actually the curve already — lamp is re-ignited after the elapse of a short interval 


breaks off at E, = 350 volts, as the re-ignition and so on. 

voltage then exceeds the maximum open circuit When the lamp is running on a subnormal load 

voltage (580 V). (heating-stage curve N,) no abnormal behaviour 
wo. ' M is observed. The difference between the heat input 
220 


N, and the output W is, however, very small as 
shown in the diagram, so that the time taken to 
reach the stationary state on reducing the power 
180 g input increases very considerably. Moreover, owing 
to the small angle between the curves N, and W 
the position of the working point P, (stationary 


of these curves, i.e. small changes in the working 
conditions. 
Under certain operating conditions (intense 


state) is very susceptible to slight displacement . 


100 E cooling and subnormal, load), it may even happen . 


that a lamp will not become heated to the normal 
working state. Such a case is shown in fig. 5. The 
stationary working point is P with a voltage Ep, 


0 “al ME 80 120 160 ^| 200 240 280 320 360V 
Que 16027 

Fig. 4. The power output W of the mercury lamp HP 300 plotted 
-, as a function of the voltage-drop Eg under normal cooling 
conditions. The curves: Nj, Na and N, show the inputs of the 
lamp with a total voltage of 410 volts,¢ and various settings 
of the leak transformer. The.points P,- and.P,. :correspond--to-—35d ~ingufficicnt en energy input (diagrammatic). The stable 
stable ~ working states of the lamp. If the energy input isjthat ' working point P is not attained, as the input N and the output 
corresponding to the top curve N, no stable working point is " W are already in equilibrium. at the point P, 
obtained. The lamp becomes heated and goes out as soon as EMEN L US ST Wu. 
the re-ignition voltage rises above ae maximum voltage ` 
applied to the dd : 


Eo E; 
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but this working level is not attained. During 
heating, the lamp does not get beyond the first 
On switching on nde cid lamp, the input power point of intersection P, of the curves N and W, 
N is initially greater than the total output W. so that at the very low running voltage E, 
As a result the lamp heats up, whereupon its voltage- it remains at the stage corresponding to a low- 
drop Ej, and hence also the power output W pressure discharge: To get it into a proper working 
according to fig. 4 increases. The input power condition, the vapour pressure must be raised by 
expressed as a function of Ep is represented by suitable means, e.g. by external heating, to such 
the curve N, for a load slightly higher than normal. a level that the running voltage rises above the 
In this case the heating-up stage terminates at second point of intersection P' of the curves W 
Ez = 250 volts in the stationary working state | and NN. In this case the input energy will again 
P, in which the energy input Ne and the radi- exceed the output energy, so that the lamp will 
, ation emitted W are equal. continue to heat itself and tend to attain its stable 
Consider now the heating-stage curve > N; which end state. 


1 


Fig. 5. The same as fig. 4, but with. abnormally, ‘high. "m 


sme 


. was obtained with a lamp running on a heavy over- . It can thus be generally concluded that the ' 


load. The output in this case too follows the curve normal load of the lamp is -fixed within certain 
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. limits. .With -a subnormal load the temperature 


rises too slowly, whilst with a very heavy overload. 


" no stable working point is obtained. The mean 
heating curve is obtained when using the leak 
. transformer 5450 G/86 for an output of 75 watts 
in the end state. The curves in fig. 6 show the 
heating process as a function of the time. . 


0 of 2 3 4 5 6 7 8 9 10min 
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Fig. 6. Current intensity ], power N and luminous flux L 
of the mercury lamp HP 300 expressed in percentages of 
.their end values and plotted as a function of the time after 
switching on. After the elapse of about 5 minutes the lamp 
gives about 90 per cent of its total luminous flux. 


Illumination Characteristics — 


The luminous flux of the new mercury vapour 
lamp on a normal load is 3000 lumens. As the 
current-limiting unit itself absorbs about 15 watts, 
the light yield is 33 lumens per watt 1). The spatial 
distribution of the light emitted by a lamp sus- 
pended vertically and with an opal globe is shown 
in fig. 7. A detailed discussion of the spectrum of 
the mercury-vapour discharge has already been 
, published in a previous issue of Philips techn: Rev. 
(1, 5, 1936), where it was indicated that the 
distribution of spectral intensity was determined by 
the vapour pressure of the mercury. In general 
it may: be assumed that the higher the vapour 
pressure the richer will be the spectrum in long- 


wave (red and infra-red) radiation, and hence the 


stronger will the ultra-violet lines be absorbed by 
the vapour. In addition the lines are broadened to 
an increasing extent and a continuous background 
appears between the lines especially in the -visible 
region. Fig. 8 shows the intensity distribution of 
the new mercury-vapour lamp .in the visible 
spectrum. The figures at the peaks of the curves 
indicate the percentage contribution of the corres- 


1) With the same power, the efficiency of an incandescent 
lamp. is approximately 13 lumens/watt. 


Fig. 7. Spatial distribution of the luminous flux of the new 
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ponding lines to the total luminous flux. As could 
be expected, this lamp already has a definite con- 
tinuous background as well as an appreciable 
proportion of red light. Nevertheless the spectral 


distribution. still deviates very considerably from ` 


that of daylight and the light given by incandescent 
lamps. IM 
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mercury lamp with opal globe. `. 


To obtain a convenient survey of the spectral 
distribution the scale of wave-lengths has. been 
subdivided in table II into four ranges, these 


. 55 


6500 A 


“4000 . 4500 5000 
. ` 16029 


À 5500 . 6000 
Fig.8. Intensity distribution of the radiation of the new 
mercury lamp in the visible spectrum. The figures at the 
peaks of the intensity curve represent the percentage contri- 


bution of the respective spectral lines to the total luminous : 


flux. 


ranges being of such extent that they contribute 
equal proportions of luminous flux in the case of a 


spectrum of constant intensity in the wave-length : 


scale (so-called equal energy spectrum). As indicated 
by table II, solar radiation is distributed almost 
uniformly over the different ranges selected. The 


v 
| 


134 PHILIPS TECHNICAL REVIEW 


TABLE II. Distribution of luminous flux of various light- 
sources over four spectral ranges of visible light expressed 
as a percentage of the total light output. 


Mixed light. 
Mer- | G and H denote 
Equal cur the luminous 
Range of energy In- nus flux oftheincand. 
wave-lengths En Sun | cand. lamp lamp and the 
À pec lamp| HP | mercury vapour 
tum; . 300- lamp resp. ` 
GH = Wi|cjs = zn 
h | o l% | We | % | h 
4000—5300 25 26 14 8 10 12 
5300—5580 25 26 22 58 40 34 
5580—5880 25 25 28 31 30 29 


5880—7000 | 25 23 36 3 20 25 


incandescent lamp contains a higher proportion of 
long-wave radiation and a less proportion of short- 

wave: The mercury-vapour discharge is made up 
mainly of yellow and green light. The blue lines, 
owing to their very short wave-length (4358 A and 
4047 A), contribute only very little to the total 
Tuminous flux. Although long-wave radiation (A= 
above 5880 A) is indeed present as a continuous 
background it is by no means sufficient to produce 
a natural impression. ` 
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Control of the Spectral Composition of the Light 


, Experiments have shown that the impression 
given by coloured surfaces on illumination with 
mercury vapour lamps can be considerably im- 
proved by the admixture of red radiation. This 
may be done in various ways, e.g. the use of red- 
fluorescing reflectors or the addition of light from 
incandescent lamps, which as we have seen has an 
excess of red radiation as compared with daylight. 
In order to give a numerical instance of the degree . 
of adaptation, two cases of mixed illumination are 
included in Table II. Favourable adaptation ` 
appears to be obtained when about ?/, of the light 
is furnished by incandescent lamps and 1/, by the 
mercury vapour lamp. In this case the propor- 
tions of yellow and red radiation compare favour- 
ably with those of sunlight, although there is an 
excess of green and a corresponding lack of blue 
radiation. Perfect adaptation to the spectral 
intensity distribution of sunlight can naturally not 


"be' ‘achieved’ and is possibly not desirable at all. ` 


It is indeed, quite probable that the eye requires 


_a different distribution of spectral intensity with 


artificial light than with daylight owing to the 
necessarily lower brightness. The best mixture of 
glowlamplight and mercury vapour light can 
therefore only be determined by experiment. 


Compiled by G. HELLER. 
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THE SOUND RECORDER OF THE PHILIPS-MILLER SYSTEM 


by A. TH. VAN URK. 


_ - Summary. In this article the connection between the resonance frequency and the attainable 
amplitude is discussed for various constructions. It is shown that the attainable am- 
plitudes are very small in all cases (of the order of 0.1 mm) and only by a marked mag- 
nification of the amplitude by means of the special shape of the cutter can a sound track 
of normal width (1,8 mm) be recorded. The magnetic driving system finally evolved 
and its operating characteristics are discussed in detail. ; - 


In the previous issue of this Review the basic 
principle of the Philips-Miller system of sound 
recording was described and a comparison made 
with those methods in use hitherto !). Attention 
was called to certain difficulties which had to be 
overcome at the outset in developing the new 
method. In particular it was indicated that the 
construction of the apparatus for recording sound 
by mechanical means, i.e. the sound recorder, 
constituted the nucleus of the method. - 


The fundamental principle of the method is as follows. 
Under a stylus or cutter S a tape is displaced which is composed 
of a celluloid base C covered with a simple transparent layer 
of gelatine G which is itself coated with a very thin opaque 
coating D (fig. 1). The cutter is a wide-angled wedge as 
shown in fig. 1. On its displacement in response to the sound 
vibrations, this cutter moves in a direction perpendicular 
to the tape and cuts a strip of varying width out of the top 
coating of the film, thus giving a transparent sound-track 
on an opaque background. The sound-track, produced 
mechanically in this way, is used for sound reproduction by 
optical means.. 


S 
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Fig. 1. Principle of the Philips Miller system. S = Wedge- 
shaped cutter. C = Celluloid base. G = Transparent gelatine 
surface. D = Opaque coating of “Philimil” strip on which 
the sound-track is produced. 


It was pointed out earlier that by combining 
mechanical recording with optical reproduc 


1) R. Vermeulen: The Philips-Miller System of Sound 
Recording, Philips techn. Rev. 1, 107, 1936. 


tion a number of important advantages are obtained. 


. The method had, however, one difficulty, viz, 


that in order to produce an equivalent sound 
amplitude, the amplitude to be recorded must be 
much greater at high frequencies than in older 
systems of mechanical recording (gramophone 
discs). The mechanical vibrating system, composed 
of the driving system of the cutter, must have a 
very high resonance frequency in order to obtain 
an amplitude independent of the frequency i in the. . 
frequency range embracing. musical sounds ?). 
This condition cannot be ‘combined with a large 
amplitude 3), By the wedgeéshaped. form with the 
obtuse angle of about 174? of the cutter adopted by 
Miller and the magnification of 40 obtained ` 
thereby, it has been. possible to work with' a cutter 
amplitude of 25 p. Yet even this apparently , 
minute amplitude is just at the practical limit — at 


the high resonance frequency in question ^). 


r 


Amplitude and Natural Frequency, of the Sound ` 


, Recorder 


If the sound recorder is designed with a high 
natural frequency the vibrating system becomes 
comparatively insensitive; it responds only with 
small amplitudes and powerful driving forces must 
be provided in order to obtain an adequate 
amplitude. The actual increase in these forces is 
however limited by the permissible stresses which ` 


?) Philips techn. Rev. 1, 107-114, 1936. See here equation 
(1) and fig. 10 on p. 112. 


3) The maximum amplitude of the sound track has been 
standardised to 1:8 mm. (Here and elsewhere in the 
` computations 2 mm are adopted for the reason of sim- 


plicity). 


4) For comparison it may be mentioned that the diaphragm 
of a powerful loudspeaker oscillates with an amplitude 
of some tenths of a y. at the highest frequencies. 
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can be applied to the material. It is important to 
note that this limit is independent of the dimensions 
of the sound recorder and is determined solely by 
the mechanical properties of the material. This 
may readily be seen from a simple example, as 
shown below: . : 

Consider the case of a rod of circular section 


which is firmly secured at one end (fig. 2). The, 
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Fig. 2. Bar of circular section clamped at one end to form a 
simple mechanical oscillating system. Length of bar [, sectional 
diameter d, flexure f. 


minimum natural frequency n of the transverse 


vibrations is: 

n = 0.140 P. ..... (1) 
where d and l are the dimensions of the rod as shown 
in fig. 2 and c is the velocity of sound through the 
material of the rod. On the other hand the am- 
plitude f of the end of the rod with an oscillation 
corresponding to the lowest natural frequency is: 


f=, o, l 


TE n o o‘ o o (2) 
where E is the modulus of elasticity and ø 


E d 
max the 


maximum stress in.the rod. Hubo ag these two 


equations together, we get 

Af 0,0035 Omas C/E oe sv (3) 
The dimensions of the rod J and J are now no longer 
contained in this expression. The same result could 
also be deduced ror.other types of vibrating systems. 
If we substitute in (3).the values for iron c = 5.10° 


cm. per sec and E — 2.10° kg per sq cm, and put 


f= 25u and Ono, = - 1300 kg per sq. cm a (i. e. approx. 
the maximum amass). we get 


n == 12000 cycles/sec 


We thus see that the limiting natural frequency 
calculated in this way is still sufficiently above 
the audio-frequencies. ; 
Driving System l 

For a given natural frequency of the cecordée. 
the attainable amplitude is limited not only by 
the proportionality limit of the material, but also 


by the forces available for driving the mechan- 
ical vibrating system. There are in the main two 


types of drive which can be employed, viz, the 
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electrodynamie and the electromagnetic. In the 
electrodynamic drive a coil through which a fluc- 
tuating current J (in amperes) flows is situated 
in a constant magnetic field H (see fig. 3). A force 
0.1-H-l-I then acts on the coil, where Lis the length 
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Fig. 3. Electrodynamic drive. Coil Sp, through which the 
microphone currents pass, moves between the pole-pieces P 
in the permanent magnetic field generated by the magnets ZN. 
The coil is represented as held in position by a flat spring D. 


. The cutter must be attached at S, motion bongs in the direction 


of the double arrow. 


of wire on the coil. If furthermore its mass is m 
and it is so fixed that the resonance Pequency is 
w/2x, the amplitude of the coil will be: 


_ O41 HII 
m wo 


20. s (4) 


Introducing the cross-sectional area q and the 

density o of the coil wire, as well as the current 

density i, we can substitute I = ig and m = lq o*), 

and thus obtain for the amplitude of the coil the 

expression: . 
: Hi 

a — 0. Zee + ss (5) 
go 


Again all dimensions of the system are absent in 
the result. To obtain a great amplitude at the 
given resonance frequency w/2x, H and i must — 
be made large and o made small. In practice the . 
maximum values which can be obtained are: a 

field strength H of 15000 gauss, a maximum 

current dénsity i of 10 A per sq.mm and a 

minimum density o of 3 gr. per cub. cm. (alumn- 

nium). With the very low resonance frequency of 

3500 cycles (w = 2 x > 3500) one computes from (5) 

that the attainable amplitude is a = 10 y, which 

is insufficient for a full modulation of the sound 

track. Further progress cannot be made in this 

direction as a limit is set by the properties of the 

material. 


5) The small mass of the body of the coil has been neglected 
here. . 
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For this reason the. electromagnetic driving 
system has been preferred, as shown diagram- 
matically in fig. 4. Contrary to an electromagnetic 
system the attainable amplitude with the elec- 


7 
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Fig. 4. Electromagnetic drive. The armature A which is 

energised by the coil Sp (microphone current ]) moves in 

the air gap I, between the pole-pieces P. The cutter is attached 
' at S and moves in the direction of the double arrow. 


tromagnetic system is determined by the dimensions 
of the system. The amplitude is found to be: 


C ERES 
: ea 

where AH is the alternating field in the armature 4 
and H, the field in the air gap L due to the per- 
manent magnet P; k is'a factor of the dimension 
of a reciprocal length and is inversely proportional 
to the dimensions of the system. By reducing the 
size of the recorder its amplitude can be increased, 
although there is an upper limit to.this increase due, 
inter alia, to the fact that the air gap L must 
remain appreciably larger than the amplitude a of 
the vibrating armature. At a resonance frequency 
of approx. 5000 cycles, an amplitude of about 30u 
was cut with the driving system shown in fig. 5. 


Description of the Sound "Recorder 


The interior of the sound recorder is shown 
diagrammatically in fig. 6. Fig. 7 shows the 
armature component separately. The armature is 
connected with the two clamping plates PL by.a 
pait of short bridge stays T' which provide a torsion 
axis. In designing the sound recorder, the first 
requirement to be met was that air gap (L in fig. 4), 
in which the armature moves, must be made large 
compared with the armature amplitude, as otherwise 
the dispacement of the armature would not be pro- 


portional to the force. On the other hand tbe air gap 


must be kept small in order that the magnetic 
resistance of the magnetic circuit does not 
become too large. The air gap is only 0.12 mm, 
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accurate adjustment to this value being obtained 
in the following way. The armature is made. in 
one piece with the clamping plates Pl and the 
torsion stays, and is ground quite flat. Similarly 


Fig. 5. Diagrammatic sketch of the sound recorder. To reg- 
ulate the depth of the track in the film; the sound recorder 
can be turned about the axis E by means of the adjustable 
stop D. The part enclosed in the dotted circle is reproduced 
on an enlarged scale in fig. 6. i 


the upper pole-piece together with the top part 
of the brass frame R in which it is countersunk, 
and the lower pole-piece with the lower section of 
the frame are also ground flat on the front surfaces. 


: When clamping the armature thin spacing sheets 


Zb (figs. 6), exactly 0.12. mm in thickness, are 


Fig. 6. View of the interior of the driving system, showing 
the pole-pieces P (Z = south pole, N = north pole) counter- 
sunk in the brass frame R, between which the armature A 
oscillates. The energising coils Sp enclose the armature A 
which is clamped between the upper and lower halves of the 
frame by means of the clamping plates PI, the spacing 
plates Zb serving for accurately adjusting the required air 
gap between A and P. To a lug on the armature A is attached 
the cutter S which engraves the sound-track in the filn F 
when the latter moves in the direction of the arrow. 


inserted between the end surfaces of the frame 
and the clamping plates Pl. This arrangement 
gives the required dimension for the air gap 


between the pole-pieces and the armature. The : 
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marked torsional rigidity of the short stays with 
which the armature is secured in position, provides 
the necessary powerful controlling force and hence 
the high resonance frequency of the armature 


vibrations frequently referred to above. 
A Fl 


Fig. 7. The flat armature component consists of the armature 
proper A, the links T providing a torsion axis, and the clamp- 
ing plates Pl. The armature is provided with a lug N for 
attaching the cutter and a vane Fl for providing additional 
damping, see page 141. 


To obtain the high field-strengths H, and AH 
which are required here (equation (6)), provision 
must be made for a low magnetic resistance in the 
iron circuit, in addition to a small air gap. 
The pole-pieces have therefore been given a large 
section and are made of a nickel-iron alloy, a 


Vol. 1, No. 5 


material with a high permeability and a high 
magnetic saturation. The electrical conductivity 
of this material is small so that eddy current 
and hysteresis losses are slight. In view of the 
limited mechanical strength of this alloy it was, 
however, not suitable for the armature. This is 
made of a silicon-iron (4 percent Si) having prac- 
tically the same magnetic and electrical properties 
as the nickel-iron alloy; it is, however, very much 
harder and more brittle. The brittleness is here 
not a disturbing factor as the armature unit 
requires only very simple machining and finishing. 
In fig. 8 the sound recorder is depicted, mounted 
on the desk of the recording machine. 


Frequency Characteristics of the Sound Recorder 


Determination of the frequency characteristic 
of the sound recorder in the no-load condition, 
i.e. without the cutter making a trace on the film, 
gives a resonance curve of the type shown in the 
family of resonance curves in fig. 10 on page 112 
of the previous issue of this Review, which relate 
to a simple mechanical vibrating system. This 


characteristic is reproduced in fig. 9, curve A. 


Fig. 8. The sound recorder mounted on the desk of the recording machine. By means 
of the micrometer screw ( which displaces a stop (not visible here, see D in fig. 5) 
the whole recording unit can be turned about the pin E for adjusting the depth of 
tracing of the cutter. 
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On graphing the corresponding characteristic for 
the sound recorder on load 9), i.e. during the trac- 
ing of the sound-track, the shape and the absolute 
height of the resonance curve are found to be 
altered (fig. 9, curve B). The flattening of the 
resonance peak is due to the damping action 
exercised by the film on the vibratuon of the 
armature. At the same time there is also a lateral 
displacement in the position of the resonance 
maximum which is due to the fact that the film 
not only applies a damping force (which only 
absorbs energy) to thie e cutter, but as eee men- 
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Fig. 9. Frequency characteristics of ‘the sound recorder: 
A in the no load condition with the cutter oscillating freely, 
the resonance point is here about 3500 cycles; B during 
normal running with the cutter engraving a sound-track, 
where, owing to the additinal directional forcé due to the 


film, the resonance point has been displaced to about 5000 . 


cycles and the sensitivity of the system, i.e. the amplitude 
cat an equivalent energising current has dropped by ‘about 


3 dB (3 decibels corresponding to a factor 10°? = . 2); the 


damping due to the film has here caused a marked flattening 


of the resonance peak. The deviations from the horizontal 
still present in curve B are eventually largely compensated 
by choosing a suitable characteristic for the amplifier. The 
dotted curve C shows the frequency characteristic of the 
. whole apparatus used for sound recording and reproduction. 


tioned also has an elastic force which i increases the 
directional force of the whole vibrating’ system. 


As a result there is an increase in the resonance 


frequency. In addition, the sensitivity’ of the 
system is reduced, which tends to lower the position 
of the whole curve. By appropriately dimensioning 


the clamping arrangements of the armature, the- 


potential increase in the resonance frequency 
has already been. taken into consideration; when 
? 


running freely the resonance frequency i is at about 


5) In measurements made to obtain these characteristics a 
constant current with a continuously increased frequency 


is passed through the energising coil of the sound recorder : 


and.the cutter allowed to trace the corresponding track. 
Measurement of the amplitudes of this sound-track by 
means of a microscope gives the characteristic directly 
(amplitude as a function of the frequency). The sound 
recorder thus traces its own characteristic on the film. 


, 
f 
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3500 cycles/sec, being increased .during normal 
operation by the directional force caused by the 
film to about 5000 cycles (cf. curves A and B in 
fig. 9). The drop in the characteristic curve in the 
range between 100 and 1000 cycles/sec is due to 
the iron losses which increase with the frequency. - 


Possible Causes of Distortion : 


In the reproduction of music the principal aim 
is to reproduce the mixture of component sound 
vibrations without any distortion. To' achieve this 
the intensity ratio of all component notes must be 
maintained, in other words the frequency charac- 


. teristic for the whole apparatus must be as closely 


horizontal as possible. Slight deviations fromi.the 
horizontal are not very disturbing, and only ap- 


preciable differences actually become apparent as 


variations in timbre. Moreover, such deviations 
of the frequency characteristic from the horizontal 
which occur in one part of the apparatus, e. g- 
in the sound recorder as in curve iB of fig. 9, can 
be readily compensated in other parts of the appa- 
ratus, e.g. in the valve amplifier. Thus the broken 
curve C in fig. 9 which ` represents the frequenty 


characteristic of the whole sound-recording and. 


reproducing apparatus is almost horizontal. 

'[n addition to variations in’ timbre, a further 
type ‘of distortion i is that "due to "the formation of 
new notes with frequencies! ‘which were not origin- 
ally present in the incoming’ sound vibrations. This 
form of distortion makes its appearance ‘when the 
output amplitude (for each individual frequency) 
is not absolutely proportional: to: the input 
amplitude; it is therefore termed 
distortion". i 

Thus, in the case of ie sound recorder, the 
recorded amplitude `A must be- ‘proportional to the 
intensity of the energising cürrent.7 in the armature 
coil, i.e. A = f (I) must bea linear function. If this 
is not the case, and if the function contains for in- 
stance a „quadratic term, on substituting for I a 
Vieio I, sin o t we get f(I) containing an extra 
term sin? c t, ie. a term cos 2wt"). Hence A con- 
tains in addition to the ‘initial: ‘frequency c also a. 


“non-linear 


second harmonic 2w. If the deviation of function 


f(D) from" ‘linearity is still more marked, a whole 
series of harmonics of eachindividual note in 


.the frequency mixture of the incoming musical 


vibrations can occur: If, furthermore, we substitute 
for I the sum of several sinusoidal vibrations (which 
corresponds to the case occurring in practice), e.g. 


‘I, + sin wt + I, sin wt, A will contain, among 


7) Since sin? a = 1f, (1 — cos 2 a). 


t 
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others, also a term of frequency (c,—45) and an- 
other of frequency (c; + œz). In addition to the 
harmonics (overtones) already referred to, sum- 
mation and differential tones are thus also obtained. 
"These contribute a sound which stands, in view of 
harmonics, entirely apart from the original music 
to be recorded and hence may considerably harm 
the music when reproduced. 
` A "non-linear" distortion is thus more disturbing 
to the ear than a distortion due to the frequency 
characteristic not being quite horizontal (variation 
in timbre alone, see above). Moreover, it is prac- 
tically impossible to compensate a non-linear 
amplitude characteristic of one component of the 
transmission circuit in one of the succeeding com- 
ponents, such as can be done with a non-horizontal 
frequency curve. It is essential, therefore, that 
every trace of non-linearity is as far as possible 
eliminated in each component separately. 
Various causes might be thought of in the Philips- 
Miller sound recorder, for a deviation from the 
linear relationship between the recorded amplitude 
` and the energising current. In the main, three 
points require consideration. Firstly, such deviation 
. may be caused by the magnetic conditions. In 
order to make the amplitude a of the armature 
proportional to the energising current I, the 
alternating field AH generated by I in the air gap 
must, as follows from equation’ (6), be proportional 
to I. But the connection between the intensity 
of this alternating field in the air. gap and the 
energising current is determined by the whole 
magnetic circuit, which is composed of the air gap 


and the iron components. In a magnetic circuit 


through air alone the required proportionality 


would always be maintained, as air has a constant ' 


permeability or, in other words, a constant magnetic 
` resistance to the passage of the magnetic flux. 
In iron, however, this magnetic resistance is well 
known not to be constant; it depends on the 
field strength, so that in a magnetic circuit through 


iron alone the connection between the alternating ` 
field and the energising current will deviate more . 


or less from linearity according to which part of 
the magnetisation curve is under consideration. 
As the magnetic resistance of the circuit as a whole 
is arrived at by compounding the "linear" resist- 


ance in the air gap and the “non-linear” resistance 


in the iron, it is evident that the required linearity 
can be approached by making the magnetic resist- 
ance of the iron component small compared with the 
resistance in the air gap. This is achieved by select- 
ing a type of iron with a high alternating-current 
permeability ?) and by making the iron component 


] 
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of ample cross-section, particularly the pole-pieces. 
To ensure high permeability through the iron it is 
naturally necessary to work sufficiently below the 
saturation range on the magnetisation curve, i.e. 
with field strengths at which the permeability is 

still very large. ' 

A second possible cause of non-linear distortion 
is that the various parts of the mechanical vibrating 
system subject to torsion and transverse bending 
may, during vibration, become deformed beyond 
the limit of proportionality. As this is most liable 
to occur at sharp corners and edges where the 
stresses may attain high peak values, all edges 
and corners (particularly on the torsion axis and 
clamping units of the armature) have been carefully, 
rounded off. Experimental tests by loading the 
armature with weights (up to 2 kg) and measuring 
with the microscope the bending produced, have 
shown that Hooke’s law is satisfied within reason- 
able limits up to the highest forces which may 
occur in practice. 

Finally, non-linear distortion may also be pro- 
duced by the ‘damping due to the film not being 
linear, i.e. the resistance applied by the film is not 
strictly proportional to the velocity of the cutter ?). 
There were indeed certain indications that a slight 


‘distortion during recording was actually due to 


this cause, since it was found on recording a vibra- 
tion with a frequency of a half or a third of the 
resonance frequency that a suggestion of the latter 
was also present in the recorded track. Thus, up 
to a point the second and third harmonics of the’ 
oscillations to be recorded were also generated in 
the sound recorder (as already pointed out, this 
is in’ fact the nature of a non-linear distortion). 
'To eliminate this undesirable effect of non-linear 
damping due to the film, the vibrating system was 
given an additional (lineax) damping, so that 
the damping due to the film constituted only a 
fraction of the total damping, and its non-linearity 
no longer had a disturbing effect. The extra damp- 
ing was applied by providing the armature with 
a type of vane (Fl) on the side opposite to the lug, 
this vane during oscillation of the armature moving 
in a plastic medium (R). The arrangement of the 
vane and the damping medium in the chamber 


formed by the pole-pieces and the magnet block 


is shown in fig. 10; to increase the adhesion between 


8) In the case of the nickel-iron alloy chosen, p. is > 600 
when the induction in the iron (pole-pieces), which is 
numerically roughly equal to the field strength in the air | 
gap, (dispersion not being taken into account), is about 
10000. : 1 


9) E. g. it might also depend on the depth of the track. 
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the damping medium and the vane the latter is 
given a number of perforations. 


Fig. 11 shows the relationship between the 
current intensity I in milliamperes (at a frequency ` 


of 200 cycles) in the armature coil (1200 turns) 
and the amplitude a in millimetres, which the 
sound recorder traces at different current intensities 
on the “Philimil’’ strip. 


- 16046 


Fig. 10. Application of. additional damping force to reduce the 
effect of a non-linear damping due to the resistance produced 
by the film. To the armature a vane FI (see also fig. 7) is 
attached moving in a demping medium R which has been 
specially evolved for this purpose and with which the chamber 
formed by the pole-pieces and the magnet is filled. 
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It is seen that by adopting the various measures 
described, viz, reducing the share of the iron in the 
total resistance of the magnetic circuit, avoiding 
peak stresses in components exposed to torsion, 
and reducing the effect of non-linear damping due 
to the film, true linear recording of the sound 
waves is obtained. 


16073 


Fig. 11. Relationship between the amplitude A (in mm) 
traced by-the sound recorder and the current intensity | 
(in miliamps) through the energising coib at a frequency 
of 200 cycles/sec. This line is nearly a straight line, thus, 
the required proportionality is satisfactorily fulfilled. . 


^ 
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THE DEFINITIONS OF BRIGHTNESS AND APPARENT BRIGHTNESS AND 


By P. J. BOUMA. 


Summary. In illumination technology brightness is defined as the magnitude 
H = C f E(4) V(A) dà, where C is a constant, E(A) the relative spectral distribution 
and V(A) the international standard visibility curve. In the investigation of various 
problems in physiological optics and particularly problems relating to road lighting 
it has, however, been found necessary to introduce another quantity, the so-called apparent 
brightness h, which is more closely related to the sensation of brightness which the eye 
experiences. The apparent brightness h is defined as follows: If two surfaces appear to 
the eye to be “equally bright” we assume that they have the same h value. At high 
brightness levels (daylight) the two quantities are identical, but at low brightnesses 
(at the level of road lighting and lower) there are considerable differences between them. 


THEIR IMPORTANCE IN ROAD LIGHTING AND PHOTOMETRY 


The significance of these differences in photometry, physiology and road lighting are ` 


“briefly discussed. 


In dealing with problems of road lighting, the 
concepts of brightness and apparent brightness are 
of paramount importance. It is therefore necessary 
to define these two quantities as .accurately as 
` possible, | particularly as. considerable misappre- 
-hension and contradiction in the literature relating 
to this subject exist due to .the, insufficient 
differentiation between these two terms. i 

What does direct experience teach us ? If in the 
first place we limit ourselves to light of a specific 
“spectral composition (i.e. of a specific colour), the 
eye can establish whether two surfaces which 
radiate this light are equally bright; if this is not 
the case we can state which of the two surfaces 
is the brighter. Direct observation cannot give 


“us more information, and in particular the eye. is | 


unable to assign by mere inspection a quantitative 
ratio to’ two unequal sensations. of brightness. 
We cannot say: “This surface is six times brighter 
than that one", although we can state: “This surface 
is brighter than that one". 
informs us that a particular surface is the brighter 
the more energy, it emits of the type of light in 
question. 

From this it follows that we can represent the 
"brightness" numerically, without contradicting qur 
direct experience of the sensation of brightness, by 
a magnitude H which is proportional to the energy 
E which the surface radiates per second from each 
unit of surface and in each unit of solid angle, 
thus: ` 


Experience further 


l H = BE......5 0). 
The constant k is as yo sull quite arbitrary 1). 


The matter becomes much more complicated 
when we have to compare the luminosities of two 


. surfaces which radiate light of different spectral 


composition (different colour). 

From measurements on the optical bench it can 
readily be established that the eye can determine - 
without difficulty which of two surfaces with 
considerable differences in brightness is the brighter; 
if the photometer is adjusted in such a way that 
the difference in brightness is very small, comparison 
is rendered very difficult by the difference in colour. 
But after a little practice it is possible to adjust 
sufficiently accurately two surfaces with different 
colours to equivalent brightness values. Now what 
are the results on making such “heterochromatic” 
adjustments to obtain an equivalent brightness ? 

Restricting ourselves in- the first place to the 
spectral colours and determining for the various 
wavelengths 4 the energies E(A) which are required 
to obtain the same sensation of brightness, we find 
that the minimum amount of energy required for 
this purpose is for the yellowish green (5550 A), 
whilst considerably more energy is required at the | 
two ends of the spectrum. In other words the eye 
responds most sensitively to yellowish-green light; 
it is least sensitive to red, blue and violet, and is 
quite unresponsive to wavelengths outside the 
range between 3100'and 7600 A: A good measure 
1) Theoretically we could have equally well selected other 

definitions for the brightness, eg. H = k log E. Such 
definitions are frequently found in physiological and 
opthalmological literature. The advantages of the definition 
adopted by us (which is that in general technical use) 
are purely of a practical nature as the caleulations are 
much simplified by it. 
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for ocular sensitivity or visibility can be assumed 
to be the ratio 1/ E(2), i.e. the reciprocal of the energy 
- which must be utilised to obtain a specific sensation 
‘of brightness. 
multiplied by such a constant as will-make the 
maximum value of the sensitivity of the eye 
exactly equal to unity. Fig. 1 shows the ocular 
sensitivity V(A) obtained in this way, plotted as 
a function of å. (Cf.-curve Ai in fig. 6, Philips techn. 
Rev. 1, 106, 1936.) 
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Fig. 1. The standard visibility or sensitivity curve of the eye. 
V(A) is, except for a constant factor, the reciprocal of the 
energy. required at different wavelengths to produce an 
equal brightness. . 


The curve has now been determined for a specific 


sensation of brightness. If we repeat these meas- 
urements for other brightness levels a striking 
- fact emerges, viz., that over a wide range of bright- 
ness values (which inter alia includes the whole 
range, of daylight) the same curve is always 
obtained, in. other words the visibility ratio of 
the eye is constant for various wavelenghts over 
a wide range of brightness. The visibility curve 
obtained for this range — which we shall term the 
standard visibility curve —- has been deter- 
mined with great accuracy by Gibson, Tyndall 
and others and has been taken as the international 
standard. | : 

On this standard curve V (A) the definition for 
"brightness" is based on the following: l 

For a spectral colour of wavelength Ay the 
luminosity is : 


m E (2a) 


for composite colours made up of a number of 
spectral colours (line spectra, e.g. of gascous 
discharge lamps): 


=cs Y.) E(À) . (2b) 


and for continuous spectra (sunlight, incandescent 
lamps): 
. (2c) 


Here E(A,) is the energy of wavelength A, which 


= Cf V(A) E(4) da. 


is radiated per second from unit surface and in. 


unit solid angle in the direction of the eye, 


Generally these magnitudes are, 
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E(A) dÀ the energy which is radiated in the range 
of wavelengths 2 -> A--dÀ, and C is a universal 
constant whose magnitude depends only. on the 
choice of unit for the brightness and for the energy. 

The most common brightness units are the candle 
per sq. metre, the candle per sq. cm (stilb), apostilb, 
milli-lambert and the candle per sq. ft., which are 
inter-regulated as shown in the following table: 


Table I 
candles | candles apo: _ | candles 
per sq. | per sq. $ per 
metre cm. stilb lambert sq. ft. 
1l candle per ` za |. zx E 
sq. metre — 1 10 ud 10 0.0929 
I candle per 4 - 0l : 
éd, m = 10 1 JH 77.103 929 
. 1 ll. 4 
lapostilb — x zL l 1/10 | 0.0296 
1 milli- 10 10 
lambert — p" = 10 1 0.296 
1 candle per 1.076: ) "A 
80. ft. = 10.76 1073 33.8 3.38 1 


If H is expresséd in candles per sq. cm and E in 
watts per sq. cm per unit solid angle, C becomes 
621 (this figure is termed the mechanical 
equivalent of light, and represents the-bright- 
ness of a surface which from each sq. cm of surface 
and in each unit 'of solid angle radiates in the 
direction of the eye 1 watt of monochromatic light 
with the wavelength of maximum visibility). 

‘Now experiments have shown that in the range 
of brightnesses in which the standard visibility 
curve applies, the definitions of brightness (2) are 
in no wise in contradiction with our subjective 
sensation of brightness; i. e. two surfaces to which 
on the basis of (2) we ascribe the same brightness 
impress the eye as being 
what way is the "range of brightness" frequently 
mentioned above limited? And "what deviations 
occur outside this range ? . : 

In an upward direction the range is limited by 
the range where the brightnesses are so great that 
their glaring effect prevents the eye from making 
a comparison of brightness values. : 

Of more importance to us is the lower limit of - 
the range as it lies in the neighbourhood of the 
brightnesses obtained with road lighting systems. 
It is indeed found that at brightnesses below approx. 
3 candles per sq. metre visibility curves are obtained 
of a different type to that shown in fig.1; the 


2) This general statement embraces various characteristics 
of the eye as regards the comparison and addition of 
brightnesses, an aspect which we cannot enter into at 
the present juncture. 


“equally bright” ?). In | i 
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visibility curve becomes displaced at diminishing 
brightnesses towards the blue, at first slowly, then 
more rapidly. The principal part of the displace- 
ment takes place in the brightness range between 
0.3 and 107 candles per sq. metre. At still lower 
brightnesses a further slight displacement occurs, 
and finally the curve assumes a constant shape 
again at about 3.10? candles per sq. metre (fig. 2)?). 
The maximum becomes displaced from 5550 À to 


Fig. 2. Various visibility curves: 

A. for high brightness levels (standard sail; 

B. . for extremely low brightnesses. 

For intermédiate brightness levels (road lighting) an inter- 
.mediate curve applies. 


5050 A. If we remember how a visibility curve is 
obtained experimentally, we see that this displace- 
ment of the curve signifies that the ratio of the 
energies which must be utilised. by different colours 
in order to obtain a visual sensation of equivalent 
brightness is dependent on the brightness level 


(thus, for instance,. the same amount of energy 


is required for the wavelengths 5300 and 5800 for 
a specific high brightness, whilst for an extremely 
low brightness twelve times more energy is required 
for the second wavelength than for the first). 

This extremely important fact, which is termed 


the Purkinje effect, can be expressed in various . 


other ways, e.g.: 

Two surfaces emitting light of different colours 
and appearing to be equally bright do not retain 
this appearance of equivalence when both energies 
are divided by the same factor, or: 

If two surfaces have the same numerical value 
for the brightness according to definition (2), they 
need not always produce the same brightness 
impression, and hence: 

The interpretation of brightness according to 
definition (2) no longer coincides, outside the range 
of validity of the standard visibility curve, with 
the concept of eo deduced from everyday 
experience. 

-It thus follows that to avoid a loose inter- 


3) These curves have also already and published in Philips 
techn. Rev. 1, 106, 1936. 
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pretation we must adopt two different concepts, 
viz., brightness and apparent brightness. 
Brightness H is defined — for every range of 
brightness — as the numerical value given by 
definition . (2). This definition has already been 


‘adopted as the international standard. Our first 
requirement as regards the apparent brightness 


h is that two surfaces which produce the sensation 
of equivalent brightness must also have the same 
value of h. It follows from this that the plotting 
of the visibility curve by the method described 
above constitutes in all cases a measurement of 
energies, which must be radiated at different 
wavelengths in order to create the same apparent 
brightness. . 

This “definition P. equality" (which answers the 
question; When have two surfaces the same 
apparent brightness ?) is already adequate in itself 
for dealing with a large number of problems. In 
other cases it will be, however, of great advantage 
if we can also assign a -definite numerical value 
to the apparent brightness, i.e. obtain a *quan-: 
titative definition" answering the question: How 
great is the apparent brightness of this surface? 
Exactly as when assigning numerical values to 
the brightness (see footnote !)) there is a certain 
latitude in choosing this "quantitative definition". 
We select the following definition: 

The apparent brightness of a surface which 
radiates light of any arbitrary colour has assigned 
to it the same numerical value as the brightness 
of a surface which emits monochromatic light of 
wavelength 5350 Å 4) which gives the same bright- 
ness-impression as the surface under investigation 
(König, Bouma). 

We can express this complete concept of apparent 
brightness also in somewhat different terms, viz., 
as follows: : 

For monochromatic light of 5350 A the brightness 
and the apparent brightness have according to 
definition the same numerical value. The values 
for light of different colours are determined by 
the rule: Two surfaces have the same apparent 
brightness if they appear to the eye to be “equally 


bright”. 


Expressed in this way it is seen immediately 


that in the range above 3 candles per sq. metre 


two surfaces which have the same brightness also 
have the same apparent brightness, and that hence 
above 3 candles per sq. metre the brightness and 
the apparent brightness completely coincide. The 
very marked difference which can occur in these two 


' 4) This wavelength of 5350 A has been chosen to facilitate 


correlation with König’s measurements. 
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factors at low brightness levels is shown by fig. 3, 
where the lines of equal apparent brightness h 
- are plotted graphically with the wavelength A along 
the abcissa and the brightness H along the ordinate. 
It is seen for example that to obtain.the same 
. apparent brightness h = 3.10 ^ candles per sq. 
metre a luminous density is required for red light 
(6500 À) about 140 times greater than for blue 
light (4500 À). 


o 
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Fig. 3. The relationship between brightness (H) and apparent 
brightness (h) for monochromatic light: in an H-A diagram 
the lines of constant apparent brightness are drawn; the 


curvature of these lines indicates the occurrence of the. 


Purkinje effect. Both H and h are given in candles per sq. 


metre. The line h = 3.10~° candles per sq. metre represents 
approximately the absolute threshold value. 


The physiological cause of the Purkinje effect: 


is very probably to be sought in the functioning 
. of the two different light-sensitive elements of the 
eye, the cones and rods (cf. also the article in Philips 
techn. Rev. 1, 102, 1936). Above 3 candles per 
sq. metre vision is due practically solely to the 
cones which give us the standard visibility curve 
(A in fig. 2); below about 3.10? candles per sq. 
metre only the rods are functioning and these 
give the visibility curve B in fig. 2. At intermediate 
brightness levels there is a combined functioning 
of both elements, cones and rods, to produce vision, 
and the visibility curve obtained for this range is 
: therefore situated between curves A and B in 
fig. 2. As the rods and cones are irregularly dis- 
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tributed over the retina, it is evident that for the 
accurate definition of apparent brightness it is in 
fact also necessary to state the size and shape of 
the field of vision, and for this purpose we choose 
two semicircles in contact with each other with 
an angular diameter of at least 6 deg. (a smaller 
diameter would partially exclude the rods, whilst 
an increase in the diameter would not affect the 
results of measurement). 

We cannot conclude this discussion without 
indicating the practical value of the concepts of 
brightness and apparent brightness in certain 
branches of science and engineering. 

l. Photometry. The principal purpose of photom- 
etry is the measurement of brightnesses and the 
calculation of other technical light magnitudes 
(candle power, luminous flux, etc.) from the 


. measured brightnesses. The methods of measure- 
ments?) employed are divided into two groups: 


a) Those methods in which the eye is used as 
a measuring instrument, as in the flicker photom- 
eter. True brightnesses are only obtained by 
these methods when the values are above 3 candles 
per sq. metre. Át lower brightness levels values are 
found which in general agree with neither the 
brightness nor the apparent brightness. -' 

b) Those methods in which the eye is not used 
directly for measuring purposes, e.g. in adapting 
a photo-electric cell to the standard visibility curve. 
Accurate brightness values are obtained with these 
methods also below 3 candles per sq. metre. 

2. Physiology, the description of the 
characteristics of the eye. Many .physiological 
properties (contrast sensibility, diameter of pupil, 
state of adaptation, etc.) are determined principally 


by the apparent brightziess and not by the , 


brightness. Thus if we plot the contrast sensibility 
as a function of the brightness we get very different 


eurves for various colours; but if we plot the . 


apparent brightness along the abcissa the curves 


agree fairly closely. We thus see that here, by 


introducing the notion of apparent brightness, we 
obtain a more comprehensive survey of.the results 
of measurements and means for simplifying the 
laws regarding the behaviour of the eye. 

3. Road lighting. In this connection 'the two 
concepts discussed are of importance in various 
directions. . The brightness levels obtained with 
road lighting systems are of the order of 0.06 


to 1.5 candles per sq. metre i.e. they are in a range 


in which the’ Purkinje displacement becomes 
appreciable. As an example showing how the 


5) Cf. Philips techn. Rev. 1, 120, 1936. 
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quality of road lighting can be affected by this 
factor, we can compare sodium light and white 
light (from an ordinary incandescent lamp). The 
result of the Purkinje effect is as follows: 

If two roads are illuminated with the same and 
sufficiently high brightness, one with sodium light 
and:the other with white light, it is found that 
vision is better on the road. illuminated with 
sodium light. Now if the levels of. illumination 
‘of the two roads are reduced by the same factor, 

vision deteriorates much more quickly in the road 
illuminated with sodium light than in that illumi- 
nated with white light. The reason for this is that 
although the brightnesses in the two roads remain 
the same, the apparent brightness of the "sodium 
road" diminishes more rapidly than that of the 
"white road". We conclude from this that the 
illumination in the sodium road is only better 
when the brightness remains above a certain lower 
limit (about 3 candles per sq. metre). 

This same phenomenon of *more rapid darkening" 
of the sodium road causes dark objects in the sodium 


road to stand out more clearly from the bright 


background than is the case in the white road, 
in other words the appearance of greater richness 
' of contrast with the sodium light is also ‘explained 
by the Purkinje effect and the difference between 
apparerit brightness and brightness connected with 
it. We shall discuss this plienomenon in greater 
detail in a later article. 
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“AN OSCILLOGRAPH APPARATUS 


' Summary. A cathode-ray oscillograph which has been constructed by Philips is described, 
by means of which the fluctuations of voltages from 5 millivolts upwards can be studied 
in a frequency range from 10 to 500000 cycles. 


Introduction : 

An electrical oscillograph can be usefully employed 
for rendering visible tbe fluctuations of a specific 
voltage. As already indicated in previous issues 
of this Review 1) the cathode-ray oscillograph has 
now been developed to a useful technical apparatus. 
In this article, a description is given of an oscillo- 
graph (type G.M. 3150) evolved by Philips. 

This oscillograph contains an amplifier by means 
of which the voltage under investigation is raised 
to the value required for feeding to the deflector 
plates V of the cathode-ray tube (fig. 1). The 
apparatus also incorporates a time-deflection (or 
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Fig. i Dia " cathode-ray tube. K = cathode; F = 
filament; G = control electrode; A, and A, = first and second 
anode; H and V = pairs of plates which can impart horizontal 
and vertical deflections respectively to the cathode ray. 


. relaxation voltage) unit, which furnishes the saw- 


tooth voltage *) for the plates H for periodically 
deflecting the cathode ray in a horizontal direction. 
In place of the saw-tooth voltage, a voltage from 
an external source can also be applied to the plates 


` H. The saw-tooth voltage can be synchronised with 


the signal transmitted by the amplifier or with a 
signal transmitted from any external source or 
also with the alternating current mains supply. 
Two anode rectifiers are also incorporated in the 
apparatus for furnishing the direct voltages for 
the cathode-ray tube, for the amplifier and for the 
relaxation voltage (time-deflection) unit. With this 
oscillograph, time diagrams can be produced, with 
practically no distortion, of voltages from 5 milli- 


volts upwards and with frequencies from 10 to 
500000 cycles. 


Feed Circuit for the Cathode-Ray Tube 


Fig.l shows the circuit connections of the 
cathode-ray tube (type No. 3957) whichis employed 


1) Philips techn. Rev. 1, 33 and 91, 1936. 
2) Cf. Philips techn. Rev. 1, 16, 1936. 


in the oscillograph. The various direct voltages, 
which must be applied to the control electrode and 
the anodes, are furnished by a rectifying valve L, 
(fig. 2). with smoothing condenser "C, and can be 
tapped: with the required magnitudes from a 
resistance (R,, R,) The circuit (fig.2) is so 


arranged that the second anode A, is- earthed and 
the indirectly-heated cathode K has-.a negative 
bias of about 12000 volts compared with the second 
anode. The potential of the control.electrode G, 
which is slightly lower than that of the cathode K, 
and:the potential applied to the first anode A, 
can be regulated..By altering the tapping on -R, 


Fig. 2. Simplified feed circuit of cathode-ray tube. By means 
of R, and R, the brightness and sharpness respectively of 
the fluorescent spot can be varied. 


am intensity of the electron beam which the control 
electrode G allows to pass is altered, whilst by 
means of R, the definition of the fluorescent spot 
can be adjusted. In addition to the usual deflecting 
voltages an adjustable bias is also applied to the 
pairs of plates H and V, by means of which the 
spot can be adjusted to the centre of the fluorescent 
screen. The front panel of the oscillograph housing 
(figs. 3a and 3b) contains inter alia the knobs R, 
and R, by means of which the definition and the 
brightness respectively of the spot can be altered. 
Knob R, also operates the switch S, with which 
the primary winding of the feed transformer is 
switched on and off, ie. the whole apparatus is 
connected up to or disconnected from the supply. 


Time Deflection 


The electrical. voltage, whose time diagram is to 
be reproduced on the fluorescent screen, is applied 
to the plates V (fig. 1) which deflect the cathode 
ray in a vertical direction. To achieve this a voltage 
must’ at the same time be applied to the plates H 
which deflect thé cathode ray in a horizontal 
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direction; this voltage must vary linearly with the 
time and, after the elapse of an integral number 
of periods of the voltage under investigation, must 
return rapidly to its original value, and then again 
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Fig. 3b. Front view of oscillograph unit. 

R, controls the sharpness of the fluorescent spot. 

R controls the width of the time diagram. 

R, controls the intensity of the synchronising signal. 

R, controls the brightness of the fluorescent spot. 

R, controls the frequency of the saw-tooth voltage. 

R controls the amplification of the voltage under investi- 
gation. 

S, serves for rough regulation of the frequency of the saw- 
tooth voltage. 

S, determines what voltage is applied to the deflector plates H. 

S, determines which method of amplification is used. 

S, changes over the amplification. 

S, connects up the feed transformer. 


increase linearly with the time in exactly the same 
way. This so-called “saw-tooth voltage" for the 
plates H is furnished by the relaxation voltage 
(or time-deflection) unit. 

The main details of the circuit in the relaxation 
voltage unit are shown in fig. 4. An anode rectifier 
furnishes a direct voltage of about 400 volts across 
the terminals 4 and B of the relaxation voltage 
unit. Across the terminals C and D a saw-tooth 


Vol E No S 


voltage as far as possible of rectilinear form is 
required. To do this the potential at the condenser 
Vp must increase linearly with the time. This 
cannot be done by charging the condenser Vp 
through a resistance, since owing to the increase 
in voltage at the condenser the charging current 
would drop during charging. One characteristic 
of a pentode, however, is that the anode current 
is practically independent of the anode voltage 
over a wide range. This property is employed in 
the relaxation voltage unit. At the beginning of a 
period the condenser Vp is uncharged, whilst the 
anode voltage is applied to Vç. No voltage is then 
applied to the pentode L,, so that it passes no 
current, although pentodes L4 and L, do so. The 
condenser V, is charged with a constant current 
intensity through L,. The voltage Vp across the 
terminals B and D thus increases linearly with 
the time (fig. 5) and this is the voltage which is 
applied to valve L,. When this voltage has increased 
to a certain value an anode current will also flow 
through L., but at the same time the screen grid 
S of this valve will be carrying a current which 
can flow away through r,. As a result a voltage-drop 
occurs at r, which causes a diminution of the voltage 
at the two plates of the condenser V, charged 
to the anode voltage. The potential at the negative 
plate of V; thus drops below the voltage of the 
common negative conductor AC. A current will 
then flow through r} which will discharge the con- 
denser Vç, whilst the control grid of the pentode 
L, will acquire a negative potential (V, in fig. 5). 
The ratings of the apparatus have been so chosen 
that this voltage-drop at the control grid of L, 
is large enough to reduce the passage of current 
through L, to practically zero (J, in fig. 5). The 
anode of L, and hence the control grid of the 
pentode L, are thus reduced to nearly the same 
voltage as the anode of L.. This pentode is thus 
rendered a very good conductor and the condenser 
V, wil become rapidly discharged through it 
(L, in fig. 5). Hence as soon as the condenser Vp 
commences to become discharged through L,, the 
circuit provided with the pentode L, will ensure 
that this discharge takes place very rapidly, after 
which the whole process recommences from the 
beginning. 

The voltage of the anode of L; is passed through 
terminal D to one of the deflector plates H of the 
cathode-ray tube. It has the requisite saw-tooth 
characteristic for this purpose as it is the difference 
between the direct voltage at the terminals A and 
B and the voltage Vp in fig. 5. The other plate H 


receives a specific adjustable potential difference 
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Fig. 4. Circuit details of the Gast unit. A constant direct voltage of about 400 volts 
is applied across terminals AB and a synchronising signal to terminal J. The saw-tooth: 
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^ voltage for the deflector plates H is taken from terminals CD. L,isa pentode AL4 


Pentodes AF7 are use for Lg and Le 


. with respect to terminal C such that the fluorescent 
spot travels to and fro over the required area of 


the screen. If the screen-grid voltage for Lj is. 


tapped at.various points of R,, the anode current 
I, of Ly will assume different values, wheréby the 
screen grid of L, will receive different voltages. 
This will also alter the voltage at which the con- 
denser V, becomes discharged through L,. Using 
R,, regulation is thus obtained of the voltage 
fluctuations at D and hence of the’ magnitude 
of the horizontal deflections of the cathode ray in 


the cathode-ray tube. Knob R, in fig. 3 serves for 


— tł 
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Fig. 5. Time diagrams of voltage at condenser Vp, of the 
anode current I, of pentode Ly, of the voltage V; at the control 
grid of Lọ and of the anode current ly of the pentode Ly. 


adjusting the width of the time diagram on the 
screen. The time taken for the condenser. V, to 
become once charged depends on its capacity. 
The frequency of the relaxation voltage is therefore 
easy to adjust in this unit by merely inserting 
condensers of different capacity for Vp. This is 
done by means of switch S, which has six different 


settings, as shown in fig. 3b. Naturally in this way 


only rough regulation of the frequency of the ‘saw- 
tooth voltage can be obtained, and must be followed 


by fine regulation which is carried out by tapping 


from different points of resistance R, the voltage 
for the screen grid of L4 by means of which the 
charging current of the condenser V, is regulated. 

To ensure that at. different frequencies .of the 
saw-tooth voltage the ratio between the charging 
and the discharging periods remains practically 


constant, S, alters not only the capacity of Vj 


but also alters that of Ve at the same time. In 
this way the lability of the circuit. by means of 
which the condenser V, can be discharged at such 
a rapid rate (I, in fig. 5), is maintained even after 
altering the capacity of Vp. In this circuit the 
function of the pentode L, is therefore to make 
the resistance of the pentode L,, which is in parallel 
with the condenser Vp, suddenly very small, so 


| that condenser Vp becomes very rapidly discharged 


through the pentode L. which practical shorts 
the condenser. The instant this sudden discharge 
takes place is very easily affected ?) in this circuit 
by small changes which may for instance occur 


3) Cf. D. M. Duinker, Philips techn. Rev. 1, 14, 1936. 
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in the voltage at certain -points of the circuit. 
We can xegulate the moment at which the discharge 
current I, commences to:flow by applying a voltage 
over terminal J (fig. 4) to the control grid of Ly, 
which makes V, sufficiently negative either slightly 
earlier or later?) so that the anode current I, is 
reduced practically to zero (fig. 5). The voltage 
applied to J, which.is drawn from the amplifier 
or the mains or an external supply provided for 
this purpose, thus determines the correct instant 
at which the condenser F becomes very rapidly 
discharged; it thus serves as a so-called synchron- 
ising signal, in other words it ensures that the 
saw-tooth voltage is always synchronised with 
either the magnitude under investigation, or the 
alternating-current mains or a periodic current 
applied from an external source. The required 
intensity of the synchronising signal is vegere 
by means of R,. 

Fig. 6 shows how, with the aid of switch S,, 
different potentials can be applied to the deflector 


Ko 


16034 


Fig. 6. Diagram of the six different combinations between the 
deflection settings of the cathode ray and the synchronising 
settings which can be obtained with the switch S, J is the 
terminal over which the synchronising signal is passed to 
the time-base unit; and H-~-is the plate which imparts a 
horizontal deflection to the cathode ray. To terminals D, N 
and M are applied respectively the saw-tooth voltage, a 
voltage in phase with the a.c. mains and a synchronising 
signal from the amplifier. Through terminals K, and K; a 


deflection voltage or a synchronising signal from an external ` 


source can be passed in or out. 


‘plates H and various synchronising ‘signals can be 

applied to the terminal J (cf. fig. 4). 

Position 1: Saw-tooth voltage (D) applied to the 
deflecting plate (H); synchronising signal (J) 
taken from the m (M). This is the normal 
setting. 

Position 2: Saw-tooth voltage (D) applied to the 
deflecting plate (H); external synchronising signal 
(J) applied over terminal K}. This setting is used 


to synchronise with a specific frequency, when~ 


for instance the signal under investigation consists 
of a combination of different vibrations. 
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Position 3: External deflecting voltage (H) applied 

_ through terminal K,; synchronising signal from 
the amplifier (M) passed outwards over terminal 
K}. By this means a different relaxation voltage 
unit to that incorporated in the apparatus can 
be put in circuit. 


Position 4: External deflecting vits (H) applied 
over terminal K,; synchronising signal (J) cut 
out to prevent this signal causing distortion. 


. Position 5: Saw-tooth voltage (D) applied to 


deflector plate (H); synchronising signal (J) taken 
from the alternating current supply (N), thus 
synchronising with 50 cycles. 


Position 6: External deflecting voltage (H) applied 
through terminal K,; synchronising signal from 
the a.c. mains (IN) passed outwards over terminal | 
K,. This setting differs from setting 5 only in that 
the built-in time-base unit is replaced by another. 

Amplifier 
Fig.7 shows a simplified diagram of the various 

circuits by which the signal to be plotted by the 

oscillograph is applied to the plates V of the 

cathode-ray tube; these plates have to produce a 

vertical deflection of the electron beam. The same 

anode rectifier which feeds the time-base unit also 
furnishes the amplifier with a direct voltage of 
about 400 volts across the terminals 4 and B, of 


which A is earthed. The signal under investigation 
is applied across the terminals K, and K,, of which 


‘the latter is‘ earthed. If switch S, is moved into 


position 1, a signal for feeding to the amplifier 


‘can be taken from the resistance R,. When a current 


flows through R,, which causes pronounced dis- | 
tortion of the signal voltage under examination, 


the signal must be applied across K, and K, so 


that it reaches the control grid of the pentode L, 
directly through the condenser C,. The regulating 
knob of R, (cf. fig. 3) is then turned to the left, 
whereupon S, is switched off and R, no longer 
carries current either. Normally the voltage tapped 
from R, passes to the control grid of L, through 
C,. The screen grid has a specific potential difference 
with respect to the cathode, whilst the collecting 
grid is directly connected to it. 

' The alternating voltage generated at resistance 
r, by the anode current of L, is now an amplification 
of the signal and at position I of S, is applied to 


, the control grid of pentode L4 through the con- 


denser C,. If the original signal is powerful enough 
it can also be applied directly to C, by moving 
S, into position 2, the first ‘amplifying stage with 
the valve L, being cut out. At settings J and 2 


t 
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of S, the anode of L} is connected through con- 
. denser C, to terminal M, from which the voltage 
` is tapped for one of the plates V of the cathode-ray 
tube which deflect the cathode ray in a vertical 
direction. Furthermore, at positions 1 and 3 of 


switch S; (cf. fig. Ô) the synchronising signal J. 


for the time-base unit (cf. fig. 4) is also drawn 
from M. To ensure that the potentials applied to 
the pair of plates H are symmetrical, the pentodes 
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directly to the deflector plates V of the cathode-ray 
.tube by cutting out the amplifier altogether by 
putting switch ‘Są into position 3. The maximum 
intensity of the signals which can be applied by 
using the amplifier across K; and K, is 45 volts, 
when a power of 0.2 watt is converted in the 
If only the valves L, and L, are 


used for amplification, a standard image 6 cm in 


resistance R,. 


size is obtained with a voltage of 0.5 volt across 


Fig. 7. Simplified circuit of the amplifier for the signal under investigation. A direct 
voltage of about 400 volts is applied across terminals A and B. The incoming signal . 
is applied across K; and K, (or K, and K,). By means of switch S, different types 
of amplification can be selected. The. amplified or unamplified signal’ is then applied 
through terminals M and © to the plates V which impart a vertical deflection to the, 
cathode ray (cf. fig. 1). For L a pentode AF7 is used and for L} and L4 pentodes AL4. 


L4, and L, are connected in such a way that the * 


anode of A gives through condenser C; a yoltage 
form at the terminal O which is similar to that 
at terminal M but has an opposite sign. The ratio 
of the resistances r, and rg is so chosen that the 
anode alternating voltages of L} and L, have the 
same absolute value. The voltage at terminal O 
is-then applied to the other pair of deflecting 
plates V. : 

If the signal to be represented by the oscillograph 
possesses a sufficient intensity, it can also be applied 


the —'"— when using the whole amplifier the 
same size of image may be obtained with signals 
of only 0.05 volt. As a 6-cm image is quite adequate, 
voltages from 5. millivolts upwards may be in- 
vestigated. Care must be taken that at the deflector 
plates, both at V and at H, no voltages exceeding 
90 volts are applied. The apparatus is suitable 
for frequencies from 10 to 500000 cycles; at the 
highest frequency the amplification ratio has not 
yet dropped 10 per cent. 


: Compiled by c. P. ITTMANN. 
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OPTICAL TELEPHONY E 


Vol. 1, No. 5 


By J. V.L. KÖHLER ' 


Summary. In the apparatus for optical telephony described in this article, a modulated 
ray of light is generated by feeding an ineandescent lamp simultaneously with a direct 
current and with an alternating current from a microphone amplifier. The characteristics 
of this lamp are discussed. The range of transmission of this method is limited by the noise 
interference produced at the receiving apparatus. The means for suppressing this inter- 
ference as far as possible are outlined. The apparatus described has a transmission range 
of 45 km when using white light and of 3 km with red light. B 


Introduction 


The term optical telephony has been applied to 
the method: of telephonic intercommunication by 
means of light rays, and is thus an extension of 
the principle of the ordinary signalling lamp by 
means of which telegraphic signals are transmitted. 
In the latter method an incandescent lamp fitted 
with a reflector is provided as a transmitter at 
each of the two points of intercommunication and 
by means-. of these a parallel beam of light. is 
transmitted to the opposite receiving point. Each 
lamp is connected in circuit with a Morse key 
and, with the aid of the two beams of light employed, 
Morse signals can be transmitted and thus a channel 
of intercommunication established. 

This system of. telegraphic intercommunication 
occasions a considerable loss of time which in many 
cases has proved a serious obstacle to its use. This 
difficulty has been avoided in optical telephony, 
where the intensity of a beam of light is also varied 
periodically, not by Morse signals but by the speech 
frequencies which are used for intensity modulation. 
Reception is therefore not possible with the naked 
eye as with Morse signals, but requires the use of 
a photo-sensitive cell with an amplifier and tele- 
phone. ` 

The complete equipment for optical telephony 


comprises the following components (see fig.1). 


At the transmitting station there are provided a 
lamp L which is fed with direct current and is 
located at the focus of the reflector R, as well as 


. a microphone M and an amplifier V; which amplifies 
the microphone current for modulating the beam. 


of light. With this arrangement an image of the 
incandescent lamp filament is obtained at a great 


` distance. The size b of this image is determined 


by the distance a between transmitter and receiver, 


^ 


the focal length f of the mirror and the size v of 
the filament, according to the expression: 
bL 
fc 
If, for instance, a = 1 km, v = 0.1 mm and f = 
75 mm, then b = 130 em. If this image is thrown 
on a parabolic reflector R' a portion of the image 
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Fig.. 1. Diagrammatic sketch of intercommunication by optical 
telephony. R. and R’ are the transmitting and receiving 


mirrors. L is the incandescent lamp. The lamp is modulated ' 


by the microphone M and the transmitter amplifier Vz. At 
the focus of the receiving mirror the photo-electric cell F is 
situated which converts the light fluctuations into alternating 
currents: after amplification by the receiving amplifier. Vo 
these alternating currents become audible in the telephone T. 


can be directed on to the photo-electrie. cell F 
situated at the focus. The receiving end is also 
equipped with a photo- -electric amplifier V, and 
a vebephone T. 


NM 


Simple consideration of the various methods by 
which the intensity of a beam of light can be 
modulated with speech frequencies indicates that 
several of these methods cannot be employed in 
the present case, since with them the position of the 


- 
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image varies. Thus, for example (see fig. 2) an 
image of the lamp filament can be obtained by 
means of a supplementary lens L; and the image 
periodically covered with a screen S which is 
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‘Fig. 2. Modulation of light with a screen. V is the source of | 


light of which the lens L, produces the image B,. This image is 
situated at the focus of the lens L,. which throws an'image B, 
to infinity. At the position of B, the screen S is placed which 
is moved up and down by the electromagnetic system. In this 
way the image B, is covered to varying degrees. 


controlled by an electro-magnetic system M. The 
total flux of the beam will then certainly vary, 
but at the receiving mirror, where an image of 
the filament is reproduced, it is not the intensity 
of the image that will vary but merely the size 
of the image; part of the image will in fact be 
covered. This method can thus only be employed 
where the image is small compared with the receiving 
apparatus, while in practice the very reverse is 
actually the case. It is therefore essential for 
the image to be maintained-as a whole 
at the receiving station, but to have a 
fluctuating intensity. This Pay be achieved in 
various ways, viz: 
1. The beam of light is screened off by a screen 
. placed in the immediate vicinity of the lens. 
2. "The beam of light is passed through a medium 
with a variable transmissibility. i 
.8. The temperature of the incandescent filament 
is varied. 

The first method requires only brief consideration. 
Since the transmitting, mirror always has a fairly 
large diameter (e.g. about 20 em), it is evident 
that the diaphragm or screen must be of the same 
size. But it is very difficult to vary the size of a 
diaphragm of these dimensions with a frequency 
of 2000 cycles per second. 

An example of the second method is the Kerr 
cell (fig. 3). This cell is a condenser K with a liquid 
dielectric which has the property of being double- 
refracting in an electric field. The two light com- 
ponents, whose electric fields vibrate parallel and 
perpendicular to the field, are propagated with 
different velocities in the double-refracting medium. 
This phenomenon is utilised in the following way 
for modulating the light radiated. The light from 
the incandescent lamp becomes polarised linearly 
by the nicol N;, which is so arranged that it only 
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allows light to pass through whose plane of vibration 
makes an angle of 45? with the direction of the 
electric field in the plane perpendicular to the 


direction of propagation. This direction is indicated | 


se > — 


—— > —- 


d. 
<A 
oro" Na 


Fig. 3. Light modulation with the Kerr cell. The light from 
the light-source V is rendered parallel by the lens L. The 
beam of light then passes through the nicol N, by which it 
is linearly “polarised (the arrow marked, below denotes the 
direction of polarisation in the plane perpendicular to the 
direction of propagation). When the light has then passed 
through the double refracting medium of the Kerr cell, the 
phases of the vertical and horizontal components are displaced 
with respect to each other. The second nicol N, is crossed with 
respect to the first. If no potential is applied to the plates of 
the Kerr cell, the two transmitted components will just 
balance each other beyond Na. Owing to the displacement 


in phase sustained by the components in the double refracting ' 


medium light will, however, pass through N;. 


by the arrow in the plane sketched below the figure. 
In the electric field of the Kerr cell K the equal 
vertical and horizontal field components of this, 


_ vibration are propagated at different velocities. The 


two components then pass through the nicol N,, 
which is so arranged that it only allows light to 
pass whose electric field vibrates in a direction 
perpendicular to the direction of transmission of 
N,. Of the light waves with electric vectors vibrating 
in vertical and horizontal planes which issue from 
the Kerr cell, only those components pass through 
the second nicol which vibrate in the plane of 
transmission of Nz. This is also shown by arrows 
in fig. 3. If no potential difference is applied to 
the condenser of the Kerr cell then, as may 
readily be seen from the figure, these two equal 
and opposite components just balance each other. 
In these circumstances, as is well known, no light 
passes through the crossed nicols IN; and N,. But 
if a potential is applied to the Kexr cell then 
the two components which pass through N, suffer 
a phase displacement owing to the difference in 


their velocities of propagation in' the double- 
refracting medium. They are in this case no longer, 


equal and opposite at every instant and thus. do 
not balance each other, so that light pásses through 


with the same periodicity as the frequency of the- 


potential applied to the Kerr cell.-An advantage 
of this method is the complete absence of inertia, 
although on the. other hand the nicols and the rest 
of the system absorb a considerable amount of 
light and thus make the method uneconomical. 
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A third method which starts with an incandescent 
lamp fed with direct current, has been~ evolved 
at the Philips Laboratory. This direct current has 


superposed on it the alternating current furnished ` : 


‘by the microphone amplifier (fig. 4), so that the 
temperature of the hot filament varies with the 
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Fig. 4. Modulation of T incandescent lamp. The lamp N, 
is fed from the battery B. This circuit contains the secondary 
winding of the output transformer T of the transmitting 
amplifier. L, is the power valve of the amplifier, viz, = Philips 
KDD 1 valve.. 


frequency of the alternating current. To visualise 
this, consider the energy fed to the filament by 
: the direct and alternating currents. If a is the 


amplitude of the direct current, b that of the - 
alternating current (peak value), r the resistance 


of the filament regarded as independent of the 

temperature, w the frequency of the alternating 

current and w the power input, we have: 

w = r (a + b sin wt)? = ra? (1+ m sin wt)? . (1) 

where b/a —"m is the degree of modulation. We 

tlius get: 

w — r (a? + 2 ab sin wt + 1j, b? — 
"n m? m? 

- ra? (1 4-2msincot -+ > 


1/, b? cos 2wt) = 
x es 2ot) . . (2) 
This expression contains a constant part and a 
variable part. The first term of the alternating 
l energy, which is the determining factor, is 2ra’m 
sin wt, and this has the same: frequency as the 
alternating current; the second term has double 
. this frequency. Naturally this second term is 
undesirable. On complete modulation, i.e. m = 1, 
its energy is !/, of that of the fundaméntal wave. 
The potential difference at the photo-electric cell 
is proportional to the light energy and so in this 
case has a distortion of 25 per cent. 
The result desired is that the intensity of the 
light shall vary with the fundamental’ frequency. 
- Since small temperature fluctuations at the filament 
cause variations in the luminous intensity which 
to a first approximation are proportional to the 
témperature fluctuations, the temperature must 
fluctuate with the fundamental frequency. With a 
definite rate of a.c. input per second the magni- 
tude of these temperature flüctuations is determined 
mainly by the thermal ie of the filament 
and by the frequency. i 
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Simple calculation shows how the energy input 
should be regulated in order to obtain a temperature 


T =T, + 4sinot . . . . (3) 


which fluctuates sinusoidally with the time t. The 
energy input (Edt) per element of time dt is 
dissipated pactly by radiation (W dt), whilst the 
remainder (C dt) is imparted to the filament, 
whose thermal capacity is C, to produce a tempera- 
ture rise dT: 
Edt—Wdt=CdT... . (4) 


The energy W dissipated per unit of time can be 
approximately represented by: 


W=W,+a(T—T,).. . (5) 


where W, is the mean energy dissipation in unit 
time. Hence the energy input (E) per unit of time 
required at each instant is given by: 


E=W,+aAsinot+ CAwcoswt . (6) . 


If the frequency o is sufficiently high, the last 
term in equation (6) will have the largest value, 
so that the expression for the input energy required . 
E—W, may be approximated as follows: 


E—W,=CAwcosot ... . (7) 


The following conclusions ny be drawn from this 

expression: 

l. -Ifa specific a.c. power is fed to a given filament 
in each second, the product A is determined. 
The amplitude A of the temperature fluctu- 
ations will then be inversely proportional to 
the frequency w. P 

2. But if we have filaments of different diameters 
and employ a constant frequency, the constant 
energy which must be supplied to the filaments: 
to maintain them at a specific temperature 
will be proportional to the diameter d of the 
filament. This -energy is .radiated by’ the 
$urface of the filament, and will therefore be 
proportional to,the surface area, and hence 
proportional to the filament diameter. Now if 
the input energy is made to vary with a definite 
modulation coefficient, then the a.c. power 
according to equation (2) will be proportional 
to the constant energy component and hence 
also proportional’ to the diameter of the 
filament. We thus find that in equation (7) 
the a.c. power E —- W, is proportional to the 
diameter d of the filament, whilst the thermal 
capacity C of the filament is naturally pro- 
portional to its volume, i. e. to d?. It thus follows 

. that the amplitude 4 of the temperature 
' fluctuations is inversely proportional to the 

diameter d of the filament. ` 
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Measurements have confirmed this conclusion, 
at least for frequencies at not too low a level. 
But the amplitude of the temperature variations 
is very small in the case of a lamp with a filament 
burning in vácuo. ` 

In this respect gas-filled lamps are more suit- 

able than vacuum lamps for the following reasons. 

Equation (6) also applies to gas-filled lamps, but ` 
Wo and a are then much greater in’ value. If the 
frequency is made sufficiently high, equation (6) 
can again be reduced to the form of expression 
in (7). The presence of the gas-filling has therefore 
not ‘altered the relationship between temperature 
variation and the a.c. power input. The amplitude 
of the temperature fluctuations is thus independent 
of the gas filling when the a.c. input, filament 
diameter and -frequency are constant. But, owing 
to the much greater thermal conductivity of tlie 
gas, a much greater stationary power is now 
required to maintain the filament at a definite 
temperature than in the absence of the filling. 
At the same degree of modulation m, the possible 
alternating power is thereby also increased in the 
same ratio, and in accordance with equation (7) 
also the amplitude of the temperature variations. 
For example, the temperature fluctuations of the 
filament are three times greater with a nitrogen 
filling, and even ten times greater with hydrogen, 
than in vacuo. . 

A high temperature is Jücssable because the 
variation produced in the amount of light radiated 
by a specific temperature change is greater at a 
higher mean temperature. But there is a limit in 
this direction as the life of the lamp becomes 
rapidly shortened with increase in the temperature. 


Receiver 


: The arrangements at the receiving terminal follow 
directly from the above considerations. The photo- 
' electric cell converts the intensity fluctuations of 
the light into alternating currents which are amplified 

and passed to the telephone (fig. 5). But the intensity 
‘of the beam of light decreases with the square of 
_ the distance, and still more so as a result of absorp- 
tion and, dispersion in the atmosphere. Thus, in 
order to obtain a sufficient intensity at the telephone 
a high amplification must be employed, which 
determines the practicable range of transmission 
with this apparatus. It is well known that the 
amplification cannot be infinitely increased, as noise 
interference in the amplifier becomes heavily 
intensified at the same time. The sources of these 
noises may be classified into three BIPUpS ae 
follows: b x ' 
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l. The first amplifying valve; l . 
2. The coupling resistance coupling the photo- i 

electric cell with the amplifier, and 
3. The photo-electric cell itself. 


Fig. 5. Connection of photo-electric cell with receiving amplifier. 
The battery B furnishes the voltage for the photo-electric 
cell F. The alternating currents, which are produced by 
variable illumination of the cell, generate an alternating 
voltage at the resistance Rp. This voltage is passed through 
the condenser C and the resistance Rx to the grid of the input 
valve L of the amplifier. -. i 


Space. does not permit of a detailed discussion 
of the interference due to the amplifier, although 
a few of the more important points. may be dealt 
with. E hah 


Noises due to the Amplifying Valves I 


These interfering noises are due to the eléctric 
current, here the anode current, not being a con- . 
tinuous current, but a stream of electrons which | 
are detached from the cathode in a haphazard 
fashion. These small current fluctuations produce 
a noise in the telephone. There is thus a natural 
limit set to reception, for if the amplitude of the 
variation in anode current produced by the signal 
is smaller than the current variation due to the 
inherent noises the signal will no longer be detectable. 
The only-remedy here is to use a valve which gives 
a minimum of noise and to adjust it as accurately 
as possible. : 


Noises due to the Grid-Circuit Resistances 


Owing to the Boia movement of the de 
trons in the resistance slight voltage fluctuations are 
produced in it which cannot be eliminated in any 
way. But the various ratings can be so adjusted 
that interference is reduced to a minimum. The 
amplitude of the noise voltage at the resistance is 
proportional to the root of the resistance rating. 
At a specific illumination the photo-electric cell 
gives a definite current. The voltage-drop produced 


' at the coupling resistance. by. this current is pro- 


portional to the resistance. Hence if we double 
this resistance, the signal voltage at this unit will 
also be doubled, whilst the noise voltage will be 


Y2 times greater. We have thus reduced the ratio 
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of signal voltage ‘to noise voltage by y 2. Although 
a greater resistance increases the noise, a higher 
coupling resistance is nevertheless of advantage 
here. On the other hand this resistance must not 
be made too large, owing to the input capacity' 
of the valves connected in parallel to it, the capacities 
of the photo-electric cell and the leads which for 
high frequencies short the resistance. l 


- Noises in the Photo-electric Cell 


This noise is due to the same radical cause as the 
noise produced in the amplifying valves. In addition 
to the beam of light directed on to thé photo- 
electric cell, the latter is also exposed to daylight, 
which generates a direct-current component in the 
photo-electric current. This component, similar to 
the anode current, is also subject to fluctuations 
owing to electronic conditions, such variations 
being responsible for the noises. In addition the 
illumination itself can also fluctuate and constitute 
a new source of disturbance. The only remedy here 
is to screen off daylight as far as possible. At the 
focus of the receiving mirror an image of the 
transmitting lamp and its surroundings is produced. 
If a screen is therefore set up with the same size 
_as the image produced by the receiving mirror 
from the transmitting mirror, daylight will practi- 
cally be completely cut off (fig. 6). But this is only 


the case with ‘an ideal mirror. With ordinary 
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Fig. 6. Screening off daylight. At the focus of the receiving 
mirror R the image B of the incandéscent lamp is produced 
which is set up at the focus of the mirror Z. Daylight rays (D) ` 
from the vicinity of the transmitting lamp are focussed at the 
points d. The screen S prevents access of these rays to the 
photo-electric cell F. 


mirrors with a short focus parallel beams of light 
are not focussed. to a mathematical point but to 
a spot about 1 mm in diameter. If we therefore 
make the aperture of the diaphragm or screen less 
than 1 mm, more daylight will be cut out but at 
the same time also a part of the useful light from 
the transmitter, so that no advantage will be gained. ' 
A much better method is to increase the focal length, 
whilst lenses can be used to advantage instead of 
mirrors. With ordinary lenses the focus is still 1 mm 
in size, although now, owing to the greater focal 
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length, the image of the transmitting mirror is also 
larger, so that only a smaller part of the surround- 
ings is visible through the diaphragm aperture of 
l mm. 

In this way very good results have been achieved 
with a lens of 40 cm focal length. It is evident 
that,with the smaller diaphragm aperture it is 


more difficult to direct the receiver on to the 


transmitter, yet with the dimensions selected this 
difficulty has remained within reasonable limits. 

There is also a general method. which may be 
employed for suppressing interfering. noises. These 
noises cover a frequency band, and the aggregate 
noise voltage increases with the square root of the 
width of the frequency band in question. If provision 
is made that the amplifier does not amplify those 
frequencies which are not absolutely essential for 
telephonic communication, the noise may be 
considerably reduced. The receiver has therefore 
been designed on such lines that frequencies above 
2500 cycles are not amplified. 


General Remarks 


It has already been indicated that owing to the 
thermal capacity of the hot filament the amplitude 
of the luminous fluctuations decreases considerably 
with rising frequency. To ensure intelligible inter- 
conimunication it is naturally necessary for the 
frequency characteristics from the microphone to 
the telephone to be as near horizontal as possible 


for speech frequencies between 300 and 2500 cycles. 


For this reason a suitable correction must be made. 
The most practicable method for doirig this appears 
to be to give the transmitter a characteristic which 
rises with the frequency, for if this means is employed 
in the receiving amplifier, interfering noise would 
become intensified. As long as the current through 
the lamp is only weakly modulated, no difficulties 


are encountered in this direction. With a constant - 


input power for all frequencies at the transmitting 
amplifier the degree of modulation.of the current 
through the lamp will, however, be greater for the 


higher frequencies than for the lower ones; this `` 


will not constitute a disadvantage as long as the 
degree of modulation for the higher frequencies 
does not attain 100 per cent. Upon further increase 
in the input voltage the current at the highest 
frequencies will at a given instant be fully modulated, 
so that amplification may not be further increased. 
But the current is then by no means fully modulated 


‘in the lower frequencies, so that the transmitter is 


apparently being run at a very low efficiency. In 


practice, however, entirely different conditions 


prevail since the human voice contains a far lower 


b 
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proportion of the higher frequencies than of the 
lower ones. When speaking into the microphone 
the current through the incandescent lamp is almost 
equally modulated by the different frequencies, 


provided the transmitting amplifier is given such 


a characteristic that, with an input signal having 
an intensity independent of frequency, the amplitude 
of the temperature fluctuations is similarly in- 
dependent of frequency. 
Since an apparatus for optical telephony: must be 
readily portable, it.is desirable for all amplifiers 
to be fed with. current from anode batteries. The 
output power of the amplifier is therefore limited. 
Now with a specific modulation the a.c. energy 
absorbed by the lamp is proportional to the direct- 
current energy. The latter must therefore be kept 
low, which may be. arrived at by making the 
filament short. From these considerations a lamp 
has been evolved which requires a 3-watt direct- 
current supply in order to burn at the correct 
temperature. At full modulation 1!/, watts is 
therefore sufficient. This energy can be controlled 
by the Philips KDD 1 valve, a double triode, 
the lamps of which are used in the neighbourhood 
of the.zero of the characteristic (B-connection). 
This arrangement has the advantage that the anòde 
battery does not have to furnish a current in the 
absence of modulation. The use of a small filament 
is furthermore useful since it gives a very narrow 
beam of light; the dispersion with a focal length of 
75 mm is only about 1*/, per cent of the range of 
transmission. . 


Practical Results. 


af 


The efficiency . and reliability of intercommuni- 
cation depend inter alia on the wave- length of the 
light used, since the photo-electric cell has.a different 
sensitivity for different wave-lengths, whilst more- 
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over atmospheric absorption may also vary .for 
different wave-lengths. 
electric cells have a maximum sénsitivity in the 


Standard caesium photo- 


"infra-red region of the spectrum, but also respond 


to visible light. Red light is less dispersed. by air 


` than violet light; nevertheless the intensity still 


decreases considerably if, in place of white light, 
dark red or even infra-red light is used by intro- 
ducing a filter. The range of transmission is theni 
reduced by at least 30 per cent. 

With the apparatus built in the laboratory, 
satisfactory inter-communication was maintained 
over a distance of 4.5 km with white light and over 
3 km with red light. The transmitting and receiving 
mirrors were each 130, mm in diameter. It should - 
be mentioned. in this connection that the range 


of transmission is proportional to the diameter of 


each of the reflectors. The data given here apply 
for good visibility, but it is quite possible to maintain 
intercommunication over a medium distance also 
through fog when once established, although, to 
set up the required channel of communication is 


.very difficult under these circumstances. 


Compared with other methods of intercommuni- 
cation, optical telephony has the disádvantages of 
being dependent on atmospheric conditions and of 
offering only a restricted range of transmission. 
On the other hand it has certain advantages; thus, ' 
compared with signalling lamps, messages can be 
transmitted with much greater speed, which applies 
in fact as regards all methods of telegrapbic trans- 
mission. In regard to short-wave spark telegraphy 
there is, moreover, the added advantage of secrecy. 
Owing to the extremely.small dispersion. of the 
ray it is impossible to detect the position of the 
transmitter during the day, even when using white 
light; messages therefore cannot be tapped. For 
the same reasons intercommunication is also proof . 
against malicious interference. 
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PRACTICAL APPLICATIONS OF X-RAYS FOR THE EXAMINATION 
OF MATERIALS 


IV. 


By W. G. BURGERS. 


Perhaps the most fruitful application of X-rays 
for practical purposes is in those cases where the 
presence of certain compounds has to be established 
in a mixture or a chemical reaction product, or 
a chemical product has to be identified. Every 
crystalline body possesses its own characteristic 
crystal structure and hence gives a specific X-ray 
pattern. A given mixture can therefore in most 
instances be analysed directly by comparing its 
X-ray photograph with the patterns obtained for 
those compounds whose presence is suspected in 
the product under examination. Naturally, for the 
application of this method it is essential to have 
at hand a series of standard X-ray photographs 
relating to the comparison substances in question. 
These 
obtained without difficulty. 

To enable the detection of an impurity or admix- 


radiographic standards can usually be 


ture in a given substance by means of X-rays, the 
impurity must generally be present in at least a 
certain percentage in order that the diffraction pat- 
tern given by it can be recognised besides that of 
the principal constituent. In this respect the X-ray 
method is subject to a certain limitation!) as 
compared with chemical analysis. Nevertheless, 
chemical analysis is only able to identify the nature 
of the atoms (or the ions) present, whilst the X-ray 
method directly indicates the compounds present; 
thus, by means of X-rays it is possible to distinguish 
for instance between a mixture of NaCl + KBr 
and another containing KCl + NaBr (see example 
No. 7). It is evident that the two methods of 
analysis supplement each other to a marked degree, 
since they afford information on different matters. 

In view of the multiplicity of these special applica- 
tions of the radiographic examination of structure 
(i.e. for identification), practical examples of this 
kind will frequently be encountered. 


1) In the case where mixed crystals or solid solutions are 
formed by which the crystal lattice is altered, the presence 
of admixtures can often be indirectly detected even in 
much smaller quantities. 


6. Diagnosis of Renal Calculus 


For the successful treatment of patients suffering 
from renal calculus it is, inter alia, essential to 
know whether the calculi consist of oxalate or 
phosphate. In general this can be easily established 
by chemical means. But in many cases (where the 
caleuli are small) it may be desirable not to 
sacrifice any part of the stone for chemical analysis, 
and just in these instances a radiograph will prove 
of great value. Fig. la shows an X-ray diffraction 
pattern which was obtained from a small quantity 
of a powdered calculus, whilst fig. 1b reproduces 
an X-ray diffraction pattern of calcium oxalate. 
From the identity of the arrangement of the various 
lines in the two radiographs it may be concluded 
that the caleulus under examination was composed 


largely of calcium oxalate. 
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Fig. 1. Diagnosis of renal calculus. 
a) Powder of a renal calculus 
b) Calcium oxalate 


7. Detection of Compounds in a Mixture 


By pounding the powdered substances in a 
mortar, mixtures were produced of (a) NaCl + 
K Br, and (b) KCl + NaBr, equivalent molecular 
quantities being taken of each substance. 

Figs. 2a and b reproduce the radiographs of the 
two mixtures side by side, and the difference 
between them may be clearly seen. From figs. 3a-c 
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Fig. 2. Mixture of chemical compounds. 
a) NaCl + KBr 
b) KCl + NaBr 
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Fig. 3. Identification of compounds in the mixture in tig. 2a. 
a) NaCl 

b) NaCl + KBr (= fig. 2a) 

c) KBr 
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Fig. 4. Identification of compounds in the mixture in fig. 2b. 


a) KCl 
b) KCl + NaBr (= fig. 2b) 
c) NaBr 
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and 4a-c, which reproduce not only the radiographs 
of the mixtures but also those of the constituents, 
the composition of the mixtures may be deduced. 

Ordinary chemical analysis would have shown 
the same atomic (or ionic) composition for both 
mixtures (2) and would thus have given no inform- 
ation as to which metal was present as chloride 
and which as bromide. 


8. Identification of Aluminium Oxide 


Aluminium oxide is employed in the manufacture 
of incandescent lamps. There are various modifi- 
cations of it, including the corundum modification, 
which occurs in natural crystals. This modification 
is formed for instance by heating aluminium 
hydroxide to a very high temperature, in the 
neighbourhood of 1200 deg. C. For the technical 
product used in manufacture it was essential to 
know whether this corundum modification was 
actually present, as otherwise heating to a very 
high temperature might have caused a conversion 
undesirable for various reasons. This point is very 
difficult to establish by chemical means, but a 
comparison of radiographs of the powder, which 
the works had submitted for examination (fig. 5a), 
and of pulverised natural corundum ( fig. 5b) showed 
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Fig. 5. Identification of a modification of aluminium oxide as 
corundum. 

a) Aluminium oxide (initially of unknown modification) 
b) Pulverised natural corundum 


that both substances had the same arrangement of 
lines. It follows from this that at least 90 per cent 
of the aluminium oxide is present as the corundum 
modification. From the presence of individual dots 
on the lines in fig. 5a (see the second article in this 
section, in No. 2 of this Review, p. 60) it may be 
furthermore concluded that the crystals of alu- 
minium oxide in the technical product are at least 
in part greater than 10 p. 


2) The above example is not of a practical nature, but has 
been included here merely to bring out the fundamental 
difference between the potentialities of X-ray and chemical 
analysis. 


160 ^ PHILIPS TECHNICAL REVIEW 


Vol. 1, No. 5 


< ABSTRACTS. OF RECENT SCIENTIFIC PUBLICATIONS OF THE 
O N.V. PHILIPS? GLOEILAMPENFABRIEKEN 


M. J. O. Strutt and A. van der 
Ziel: Messungen der charakteristi- 
schen Eigenschaften von  Hochfre- 
quenz-Empfangsröhren (Elektr. 
Nachr.-Techn. 12, 347-354, Nov. 
1935). l - 


For a variety of commercial and other high- 
frequency penthode valves the authors have meas- 
ured the input and output impedances, the slope 
and the reaction of the anode on the grid in the 

short-wave range. In this range the damping at 
the input and output is inversely proportional to 
the square of the frequencies. Up to a frequency 
of approximately 60 megacycles, the slope is still 
roughly equal to its statical value. The reaction 
of the anode on the grid can be represented by a 
capacity. which with long waves roughly agrees 
with its static value. On shortening the wavelength 
‘the reaction diminishes and many in fact change its 
sign. At very high frequencies its absolute value 


No. 1059: 


increases in proportion to the square of the fre- 
quency. It appears that the pentodes (type AF 3) 


investigated are quite suitable for high-frequency 


amplification up to wavelengths op Tm as used 
for televisioi T 


No. 1060: Je van Niekerk: Evaluation 22 
, the relative toxic effects of large doses 

of Caleiferol and the crystalline anti- 
preparation substance L 


néerl. de physiologie de 


- ' rachitic 


, (Arch. 


l'homme et des animaux 20, 959-561, 


Dec.. 1935). - 


it~ was found that ‘the ratio of the toxic to 


the antirachitic dose with Reerink and van , 


Wijk’s preparation is almost the same as with 


` Caleiferol. For- the smallest toxic dose ‘the author’ 
_has obtained roughly — The same value as other 


investigators. 


No. 1061*):. 
lonenstrom zur Glühkathode einer 
J Gasentladung. (Phys. Z. Sowjetunion 
+ B, 919- 581, Nov. 1935). ys 


Various investigators. shave measured the positive, 


ionic current in discharges through gases with a 


=) A sufficient number of reprints for purposes of distribu- : 


tion is not available of those articles marked with an 
asterisk (*). Reprints of other papers may be obtained 
on application from Philips Laboratory, Kastanjelaan, 
Eindhoven, Holland. 


. No. 1063: 


M. J. "Druyvesteyn: Der positive 


add probe-electrode. They have also determined the 
electronic emission of the heated probe-electrode, 
which is raised e.g. to a potential about 7 volts 
lower than the surrounding plasma. If it was then 
found that the discharge was not affected by elec- 
tronic radiation at a certain distance from the 
cathode, some investigators assumed that the ionic 
current flowing towards a heated cathode was the 
same as that to a cold one. The author points out 
that this assumtion is untenable and from meas- 
urements made by Gvosdover concludes that the 
ionic current flowing to a heater electrode is 
roughly double that flowing to a cold one. For the 
ratio between the electronic. and ionic currents 
using a hot cathode the author obtains the value 
200, which is in better accord with the plasma 
theory of Langmuir than the value of 400 
which Gvosdover deduces himself froni his mea- 
surements. ' 


| K. F. Niessen: A contribution to 
the symbolic calculus (Phil. Mag. 20, 
977-997, Suppl. Nov. 1935). 


No. 1062: 


New methods are given for deriving from a 


function and its operational transformation certain | - 


new functions which are inter-related as “original” . 
and “operational image”. For certain “images” of 
simple form this method enables the original to 
be deduced. The new operational relationships 


finally give new mathematical relationships. 


J. M. A. van Liempt: "Eine Be- 
ziehung zwischen’ Umwandlungs-. 
würme und Umwandlungspunkt bei 
enantiotropen Modifikationen (Rec. 
Trav. chim. Pays-Bas 54, 934-936, 
Dec. 1935) 


. On alie basis of the equality of the sublimation 


. velocities of two enantiotropic modifications at the , 


transition temperature, a formula is deduced for 
the relationship between the heat of transformation 
and the transition temperature. This formula was 


. , tested for tin and suphur. Sufficient data regarding 


the specific heats of these elements asa function 
of the temperature are, however, lacking and pre- 
clude a thorough test of the formulae derived. 
It appears, however, that values of the correct 
order of magnitude are obtained on calculation ` 
of the above relationship. 
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DEALING WITH TECHNICAL PROBLEMS 
RELATING TO THE PRODUCTS, PROCESSES AND INVESTIGATIONS OF 
N.V. PHILIPS’ GLOEILAMPENFABRIEKEN 
EDITED BY THE RESEARCH LABORATORY OF N.V. PHILIPS' GLOEILAMPENFABRIEKEN, EINDHOVEN, HOLLAND 


A CONTROLLABLE RECTIFIER UNIT FOR 20000 VOLTS/18 AMPERES 


By J. G. W. MULDER and H. L. VAN DER HORST. 


Summary. The use of relay valves enables the construction of highly-efficient controllable 


rectifier units. In this article a controllable rectifier unit for 20 000 volts / 18 amperes 


is described for feeding the transmitting valve of a high-frequency furnace with valve 


generator. 


Introduction 

Gas-filled rectifying valves are particularly suit- 
able for rectifying high powers. They differ from 
the high-vacuum valves, which have been given 
preference in the past, by their much lower internal 
resistance and correspondingly higher efficiency. 
At the same time the whole unit is of simple con- 
struction, since the cooling arrangements which 
become very cumbersome with high-vacuum valves 


for high tensions (dissipation) can be dispensed 
with. 

The relay valves represent an important advance 
in the design of gas rectifiers. These are gas-filled 
rectifying valves which, in addition to the cathode 
and anode, also have a control grid with the aid 
of which the ignition voltage of the valve can be 
regulated within wide limits with a very small 
power consumption (low grid voltages and small 


Fig. l. General view of the 20-kilovolt, 18-ampere rectifier unit. On the right is one 
of the two high-tension transformers furnishing the anode voltage. On the left are the 
rectifying valves, which are screened by metal walls against electric fields. The anodes 
are shown above. Below are the heating current transformers (left coils) and the grid 


voltage transformers (right coils). 


162 i PHILIPS TECHNICAL REVIEW 


grid currents). By means of these relay valves the 


` continuous "voltage furnished by the unit can be 


controlled and regulated i in a very “simple manner, 
without the need for opening or closing any con- 
tacts whatsoever | in. the high-tension circuit. 

A description is given below ofa rectifying unit 
equipped with. relay valves (fig. 1), which. feeds the 
transmitting ‘valve ‘of a high-frequency ‘furnace 
with valve generator ‘already described in this 
Review 1). On its full load of 20 amps this unit 
furnishes a D.C. potential of 20 000 volts, which 
can, however, be adjusted to any desirable lower 
value merely by: turning a phase regulator. 


Lay-out of the Rectifying Unit : 


The lay-out of. the rectifying unit is shown 
diagrammatically i in fig. 2. It is seen, that the plant 


is: made-up of two similar components, each. 


of which furnishes half the voltage and can 
also . be used separately. Each unit is connected 
to a transformer (T,, To) and contains six rectifying 


valves, which provide six-phase rectification ona: 


circuit described by Graetz, the, current, in. each 


.phase passing. through a pair of. valves connected B 


dm series. : i a 


“The. “transformer primaries are ondeci in idis 
(380 volts) and the, secondaries in a star circuit, 
1400 volts against - ‘the * neutral. These, 'eiróuits 
are’ both ‘of exactly . identical design,” although the 
secondaries carry different voltages against earth. 
This offers:the advantage, that only one trans- 
former of half the capacity of the whole unit is 
sufficient as a spare. 

The pulsating direct current charges the 2uF 
condenser C, which at the same time is discharged 
through the transmitting valve Z connected in 
parallel. The anode current of the transmitting 
valve must also pass through the 100-millihenry 
choke coil L; which protects the rectifier against 
the high-frequency alternating voltage of approx- 
imately 7000 cycles generated at the transmitting 
valve. The large choke coil L, (1 henry) serves for 
smoothing the current which charges condenser C 
and hence also the D.C. potential applied to the. 
transmitting valve. The resistance R = 50 ohms, 
which is in series with L;, limits the anode current 
in the event of any transient i ie at the 
transmitting valve. 

The rectifying valves B, — -B js can each furnish 
a mean D.C. of 6 amps, so that the whole. unit 
can carry a load of 18 amps. These valves are 
shown only diagrammatically i in the circuit diagram 
by arrows. The detailed drawings, o of the valves 


1) Philips techn. Rev. 1, 53, 1936. 


B; and B; show the indirect heating ofthe cathode . . 


by means of a separate filament transformer for 
each valve, as well as the supply of an alternating 
voltage to the control grid through the transfor- 
mers /5 t; and the phase-shifters F}, Fy. 

These phase-shifters used, consist of a stator and a 
rotor; which are adjusted and secured by means of 
a worm transmission. The rotating field generated 


by the stator intersects the rotor windings earlier 


Fig. 2. Electrical lay-out of the rectifying unit. The unit 
consists of two 10-kilovolt, 18-ampere components, which are 


connected in series. The rectifying valves B; to B; (type DCG | 


5/30) serve as relay valves. The grid voltage is taken from 
the phase-shifters F; and F, through the transformers t; to 
152» (In the circuit diagram only t; and 5 are shown, since the 
remaining valves are indicated only diagrammatically). The 
choke coil L; and the condenser C serve for smoothing the 
D.C. potential furnished. The choke coil Ly protects the 
rectifying unit against high-frequency oscillations from the 
.transmitting valve. : 


' or later, according to the position of the rotor with 


reference to the stator. By altering the position 


of the rotor, the phase displacement of the rotor * 


voltage against the stator voltage can thus be 
, altered. ` 

: The voltage systems of, the ‘stator and rotor 
are both three-phase. The grids of the rectifying 
valves are connected to the rotor in.such a way 
that the grid voltage of all the valves has the same 
phase. displacement against the corresponding anode 
' voltage. z 
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The action of the phase of the grid voltage in 
regulating the voltage of the rectifier is discussed 
in detail in the section dealing with this matter. 


Construction of the Rectifying Valves 


The rectifying valves used are Philips relay valves 
type DCG 5/30 with hot cathode and with mercury 
vapour as a gas filling, whose main electrical 
characteristics have already been described in a 
separate article in this Review ?). The valve, which 
is shown in figs. 3 and 4, is made up of two glass 
bulbs b, and b, which are fused to the much 
narrower chrome-iron ring r. The top bulb b, 
contains the anode a, and the lower bulb b, the 


~y 7 [5 
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Fig. 3. Relay valve type DCG 5/30 with mercury vapour 
discharge. a is the graphite anode, k the indirectly-heated 
cathode, and r the control grid subdivided by partitions, 
with the funnel-shaped extension t. The upper half of the 
bulb b;, is covered on the inner side with a conductive coating 


which is connected to the control grid. The liquid mercury 
is in the neck h at the bottom. 


*) Relay valves as timing devices in seam-welding practice, 
D. M. Duinker, Philips techn. Rev. 1, 11, 1936. Since 
the publication of this article the construction of the DCG 
5/30 valves has been slightly altered. The inside wall of 
the bulb enclosing the cathode has been coated with a 
conductive layer, which is connected to the control grid. 
Owing to this change the characteristic (ignition voltage 
plotted as a function of the grid voltage) is no longer 
identical with that shown in fig. 1 of the article cited 
above. The grid voltage required for ignition in the 
modified valve is approximately 18 volts and is practically 
independent of the anode voltage. 
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Fig. 4. Photograph of the DCG 5/30 rectifying valve. The 
warm air rising from the lower bulb is taken up by the mica 
plate above the anode, in this way heating the upper bulb 
and preventing condensation of the mercury vapour. 


indirectly-heated hot cathode k. The lower bulb 
terminates in a cylindrical neck h containing liquid 
mercury, the temperature of which is only slightly 
above the ambient temperature. The vapour 
pressure of the mercury in the cold state is a few 
thousandths of a millimetre. The ring r serves as 
a control grid, its voltage differing from that of 
the cathode by not more than a few hundred 
volts. In addition the presence of this ring increases 
the back-firing voltage of the valve. For this purpose 
a funnel-shaped extension t is provided, which is 
shaped to conform with the conical anode a. The 
distance between the funnel and the anode is 
roughly the same at all points, the optimum distance 
to obtain a high back-firing voltage being fairly 
critical, for in the negative phase practically the 
whole reverse voltage is applied across the funnel 
and the anode. If this distance is too large, back- 
firing may occur since the electrons in the gas- 
space are given every opportunity to ionise, whilst 
with too small a distance the field strength and 


aw 
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hence the danger of auto-electronie emission from 
the anode are considerably enhanced. i 
' The temperature of the ring is determined 


. mainly by the radiation of heat from the hot 
: cathode and by the anode current. To avoid exces- 


sive heating, when the valve is running on full 
load, the width of the ring has had to be made 
larger, than appeared desirable, to make sure of 
suppressing back-firing between the anode and 
cathode. It was therefore found advantageous to 


` subdivide the apérture of the ring as shown in 


fig. 3, so that in place of an open ring there are 
three parallel, narrow tubes. 


Electrical Characteristics 


The permissible mean working current of the 
relay valve DCG 5/30 is 6 amps. The voltage-drop 
at the discharge is about 16 volts and is practically 
independent of the current intensity. The ignition 
voltage is not appreciably greater with a sufficiently 
high potential at the control ring. If, on the other 
hand, the grid voltage is reduced below 18 volts, 
the ignition voltagé will rise abruptly to more 
than 10 000 volts, so that with the available 
transformer voltage ignition is no longer obtained. 
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When, however, ignition has once taken place the 
discharge cannot be extinguished by merely 
reducing the control voltage. The discharge is 
only extinguished, when the alternating voltage 
at the anode passes ‘through Zero. 


Voltage Regulation 


‘The phase displacement of the grid voltage V, 
of the relay valve with respect to the anode voltage 
V, determines the moment of ignition in each. 
positive phase of V, and hence the average value 
of the output voltage of the cycle. This is due to, 
the fact that, as already stated, ignition is only 
obtained when the grid voltage exceeds a certain 
critical value V; (of about 18 volts). 

Fig. 5 shows the action of the phase-shifter 
in the case of one single valve V, is the anode. 
voltage, V, the alternating grid voltage, V, the 
critical grid voltage, and a the phase-lag of the 
grid voltage against the anode voltage. In case 
(1) V, and V, are in-phase. The discharge is- 
obtained when V, exceeds the critical value (wt = g). 
To fix satisfactorily the moment of ignition, also 
with small fluctuations of V,, the alternating grid 
voltage should be several times greater than the 


Fig. 5. Ignition sequence of a relay valve. with the alternating anode voltage V, and the 
alternating grid voltage V g Ve is the critical grid voltage. a is the phase lag of the 
grid voltage with respect to the anode voltage. 


1) a, =0 Current passes almost during the whole positive phase from wt = p 
onwards. 

2) dg = 2/3  . Current passes from wi = 2/3 + p onwards. 

3) ag = 272/3 Current passes from wt = 27/3 + p onwards. 

4) a, = x .Grid voltage in opposing phase. No current passes. 

5) a; = 47/3 


2/3 t Current passes throughout the positive phase. 
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critical voltage (e.g. 100 volts). The current passes . 


during the greater part of the positive phase of 
the anode voltage, as indicated by the shading. 
“As the phase retardation increases (a. = 2/3, 

= 2/3) the portion of the period during which 
current passes is reduced. If V, and V, are in counter 
phase (a, = x) no current at all flows. If the phase 
retardation is further increased, then at a —.z ++ 9 
the current suddenly commences to pass with its 
maximum value; it continues to flow during the 


whole positive half of the cycle of the anode voltage, ` 


although the grid voltage has in the meantime 
dropped below the critical value and even become 
zero. When ionisation has once taken place, the grid 
is inactive. In fig. 6 the average D.C. potential V, 
furnished by a single valve is plotted as a function 
of the phase retardation a. The points 1 to 6 cor- 
respond to the cases represented in fig. 5. 


Fig. 6. Average D.C. potential V, plotted as a function of 
the angle of lag a between the alternating grid voltage and 
the.alternating anode voltage. Points | to 6 correspond to 
the special cases of fig. 5. 


Safety Precautions in the Rectifying Unit 


The ‘operation of the fairly extensive plant: of 
high-tension transformers, rectifying valves, trans- 
mitting valve, high-frequency oscillating circuits 
and melting furnaces has been considerably simpli- 


fied by the adoption of suitable safety precautions. 


and the provision of automatic auxiliary equipment. 
In addition these protect the transformers, the 
rectifying valves and the transmitting valve against 
overloads, which might result, when the switches 
are operated in thé wrong order. 
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The -protection of the high-tension transformers 
against overloads is afforded by the adjustable 
maximum-current relays (r,—r,, fig. 2), which are 


' inserted in two of the three primary conductors. 


If one of the maximum-current relays operates the 
main switch is tripped. 

The rectifying valves must be protected against 
anode, voltage, being applied before the cathode 
having reached operating temperature. For this 
purpose a slow-acting relay is provided, which is 
connected in parallel with the heating transformers. 
The main switch can only be closed after this relay 
has been under tension for 6 minutes. In cold 
situations it is advisable to extend this time from 
10 to 15 minutes. Although after 6.-minutes the ` 
cathode has been sufficiently heated, the vapour 
pressure of the mercury is still very low. With too 
low a vapour pressure the arc voltage is too high, 
and as this might adversely affect the cathode, 
it is desirable to wait before switching on the 
anode voltage until the whole bulb, as well as the - 
mercury in the neck at the bottom, has become © 
sufficiently heated to raise the vapour pressure of 
the mercury to the required value. EN 

The transmitting valve is protected against over- . 
heating by means of a so-called “water lock" ` 
which prevents the heating current or the anode 
current from being applied, if. the flow of cooling 
water is not adequate. Moreover, the heating current 
can only be switched on, when the regulating 
device is adjusted to the minimum voltage. The: 
anode is protected in a similar way. The anode 
voltage can only be switched om, when the phase- 
shifter for voltage control is at its minimum. 
setting. Regulating the output voltage to its maxi- 
mum value by turning the phase-shifter takes only 
a few seconds. The anode is also protected against 
overloads, which might occur if the anode voltage , 
is applied before the valve can oscillate. This is, 
for instance, the case when the electrical connec- 


-tion with the furnace is broken, which takes place 


automatically when the furnace is tilted from its 
vertical position for casting operations. 
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THE PERCEPTION OF BRIGHTNESS CONTRASTS IN ROAD LIGHTING 


By P. J. BOUMA. 


Summary. The two essential factors in the perception of brightness contrasts are: 
1) Contrast sensibility, which determines the smallest still perceptible con- 
trasts and depends on the brightness; at equivalent apparent brightnesses it is prac- 


tically the same for all colours. 


2) Richness of contrast (the relative intensity of sironger contrasts). It is shown, 
that the marked differences existing between the various types of light are related 
to the Purkinj e phenomenon, which accounts, inter alia, for the marked richness of 
contrast with sodium light at the brightness levels commonly obtained in road lighting. 
' After introducing a measure R for the richness of contrast, the lines of equal R are 
plotted in a brightness-wavelength diagram (fig. 5). 


The perception of an object on the highway is 
always fundamentally the perception of con- 
trast: The object is seen, because it has a bright- 
ness, different from that of the road surface against 
which it stands out. In addition to this contrast 


in brightness, colour contrast may also play a ` 


part, the object and the background having dif- 

ferent colours. This factor is, however, of secondary 

importance for the following two reasons: 

1) Because most objects (just as the road surface 

` itself) usually possess very unsaturated (not 
very pronounced) colours on illumination with 
non-monochromatic light; . 

2) Because the low brightnesses, possessed by 
most dark objectsstanding out dark against 
the road surface, cause the colours to appear 
paler still (in addition to the photopic 
_ (or cone) vision which differentiates between 
colours, the non-chromatic scotopic (or rod) 

. -- vision already plays a part). 

' In the present article, we shall consider only 

brightness contrasts and must therefore discuss 

the conditions under which the eye can still perceive 

-a brightness contrast and when it is liable to fail 


in fulfilling this function.. This failure may be 


due to two different ‘causes: 
1) Because the existing contrast is too small, i.e. 


the two brightness values differ by so little, 
. 5) Individual differences. 


-that even with keen and prolonged focussing 
the eye is unable to perceive the object in 
question; in this case the contrast sen- 
sibility of the eye is obviously not great 

. enough to observe the object: i 
2). Because the contrast, although much greater 


than the minimum value required for percep- ` 


tion of the ‘object by keen and prolonged 
focussing, is still so low that the object escapes 
observation altogether or is not perceived 


in time, because the perception requires a 
certain time, a fairly accurate focussing and 
a certain measure of concentration. In this 
case we say that the richness of contrast 
is insufficient for satisfactory and quick per- 
‘ception. ` 

In this first case, we are thus dealing with a 
minimum contrast, which the eye can still just 
perceive under favourable conditions, whilst in : 
the second case we are concerned with the more 
or less pronounced occurrence of stronger contrasts. 

Both cases have an important bearing on road 
lighting and we shall therefore discuss them in 
turn. " 

The' contrast sensibility at a specific 
brightness H is defined as follows: If a brightness 
H-+AH can still be just differentiated from H, 
the ratio H/AH is termed the contrast sensibility 
(K). This contrast sensibility is determined by a 
large number of factors, of which the principal 
are the following: l 


s 


-1) The brightness H. 


2) The colour of the light. 

3) Size and shape of the two fields under com- 
‘parison. 

4) Use of an artificial or natural pupil (viewing 
through a small diaphragm placed before the 
eye or with the naked eye). 


6) Method of measurement. 

T) Disturbing factors, such as incorrect adapta- 
tion, presence of dazzling sources of light in the 
field of view, after-images, etc. i 

- In the case of 3) above, we assume, ihe the: 
fields are taken so large that practically the whole 
retina is adapted to the brightness H; where use 


. is made of an artificial pupil 4) specific mention 


is made in every case. Regarding the method of 


n 
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measurement 6), the following should be noted: 
The usual measurement made is the determination 


of what additional brightness AH must be impressed 


on a part of the field of view, in order to make this 
portion appear just a little brighter than the 
sufrounding areas, which have a brightness H 
(direct method). In some cases the mean error in 
photometric adjustment is taken as a measure of 
the contrast sensibility (indirect method). The 
results obtained with these two methods may 


differ considerably; we always employ the direct - 


method ourselves. 


It is assumed, that the disturbing factors enumer- 


ated under 7) (which may be referred to by the 
general term of "glare") do not occur and therefore 
` do not require consideration. 


Fig. 1 based on measurements made 


by 


km? 
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Fig. 1. Contrast sensibility H/AH plotted as a function of the 


brightness H in candles per sq. m, for monochromatic light : 


of different wavelengths A (Kónig). 
Kónig indicates the general variation of contrast 
sensibility with the brightness and its relation to 
the colour of the light. In this figure log(H/AH) 
is plotted as a function of log H for monochromatic 
light of different wavelengths. H is expressed in 
candles per sq. m; an artificial pupil of 1 sq. mm 
was used in these measurements. The following 
characteristics are deducible from the curve: 
1) There is an area, where H/AH varies, only 
., Slightly with the brightness (only in this range 
does the Weber-Fechner law apply). 
2) Both at lower and at very high brightness 
values the contrast sensibility diminishes. 
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3) The curves are made up of two parts, which 
meet at an angle. This is probably due to the 
fact, that below this point the rods have the 
greater contrast sensibility and hence are 
mainly responsible for vision, whilst above this 
point the cones are mainly operative. 

4) At high brightness values the contrast seh- 

' sibility K is independent of the colour, whilst 
at low brightnesses a much greater brightness 

“of red rays than of blue rays is required, in 
order to obtain the same K. 

A greater brightness of red light than of blue 
light 1) is also necessary for obtaining an equivalent 
apparent-brightness in this. 
phenomenon), and so it appears interesting to 
examine, what trend the curves would have if K 
were plotted as a function not of the brightness H 


range (Purkinje 
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Fig. 2. Richness of contrast H/AH plotted as a function of ` 
the apparent brightness h in candles per sq. m; this curve 
applies within close approximation to all types of light. ' 


but of the apparent brightness h. This is done in 
fig. 2. (In this figure the conversion has also been 
made from the artificial to the natural eyé-pupil, 
so that fig. 2 relates to the perceptions obtained 
with the eye proper)..All curves in fig. 1 are now 
reduced- to a single curve, of which individual 
measurements in no case differ by more than 20 
per cent, ie. the contrast sensibility at a specific 
apparent brightness is practically independent of 
the colour of the light. The causes of small devia- 
tions which might occur will be discussed in more 
detail below. — . a a 

: A large number of recent measurements with 


1) : Regarding the definition of brightness H and apparent 
brightness. h and the quantitative connection between these 
two magnitudes cf. Philips techn. Rev. 1, 144, 1936. ` 


& 
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very different types of light (monochromatic light, 
incandescent lamp light, mercury vapour light, etc.) 


‘on correct conversion *) are also in very satisfactory 
. accord with fig. 2. 


From. the above the following conclusions of a 
practical nature may be deduced: 

1) Since in road lighting we are always dealing 
with a range of illumination in which K is 
still closely dependent on h, every increase 
in the level of apparent brightness will permit 
an increase of K and hence an improved 
perception of low-contrasting objects. 

2) ` As long as the apparent brightness of the road 
surface does not drop below 0.3 candle per 
sq.m, practically the same h and hence almost 
the same K is obtained for lights of différent 
colours with-the same H, i.e. there are no 
marked differences in contrast sensibility at 
equivalent values of H for different coloured rays. 

In considering the second. point, the richness 
of contrast, we have to compare much greater 
contrasts than the above, and we must consider 

the question: ` l 

If the same road is illuminated: in succession 
with two different types of light having equal 
intensities, can the contrasts in the one case 
be still more pronounced than in the other? 

Tt is found, that this is indeed the case and as an 
example, illumination with sodium light and with 
white incandescent lamp light may be considered. 


In the first case we see dark objects stand out ' 


blacker from the road surface than with the second 
type of illumination. How can this be explained 
from the characteristics of the eye? The most 
obvious explanation would be, that the coefficients 
of reflection of dark objects on the highway are 
much lower with sodium light than with white 
light; -at equivalent intensities .of illumination 
objects would thus have a much lower brightness 
in sodium light. Extensive measurements of the 
coefficients of reflection, with different types of 
light, have however shown that such differences 
do not in fact exist. We must therefore assume 
that the brightness of dark objects is about 
the same in both cases; yet we see them darker 
with sodium lighting, i.e. the apparent bright- 
ness is in this case smaller. This interpretation 
suggets immediately a relationship with the Pur- 
kinje phenomenon ?). m iX 
2) The contrasts may here also be influenced by another 
effect, though one of secondary importance only, viz, the 
. fact, that blue light is dispersed in the eye to a slightly 
` greater degree than other light-rays. This may result 
in small dark objects being veiled by dispersed light, when 


illuminated with white light; with sodium light this effect 
is much less pronounced. ^s 
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For a more precise investigation we must know 


the relationship between the brightness H, the 


appatent brightness h and the wavelength 4 for 
monochromatic light (see fig. 3 based on measure- 


4000 4400 4800 5200 5600 6000 6400 6800 4 
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Fig. 3. Relationship between brightness (H) and apparent 
brightness (h) for incandescent lamp light (W — — —).. 
mercury light (Hg —.—.— ) and monochromatic light, inter 


alia sodium light (Na —). 


" 


ments by Kónig and showing the lines of equiv- 


alent apparent brightness h drawn. in an H-4 
diagram). . 
. From the measurements of: König, there can 


. also be deduced the apparent brightness h corre- 


sponding to every brightness H for a composite 
type of light, e.g. incandescent lamp light, which 
may be assumed to have a black body temperature 
of 2700 deg.K. Each pair of values of h and H 
determines a point in the diagram shown in fig.3 
(that a brightness of 0.13 candle per sq. m of white - 
light corresponds to an apparent brightness of ' 
0.10 candle per sq. m gives for instance the point 
P). By connecting all points determined in this 
way by a curve, a line(— — —) is obtained indicat- 
ing the behaviour of white light (W). The second 


3) The wavelength 4 determined by this point signifies in a 
physical sense that white light behaves, as regards the 
ratio h/H, in exactly the same manner as monochromatic 

. light of this wavelength A. m 
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line (— : — - —) showing thé corresponding conditions 

for mercury light (Hg) was obtained in the same way. 
.In general a composite source of light is indicated 
in our diagram by a curved line and a monochromatic 
` light by a vertical line. - 

To explain from the diagram the better contrasts 
obtained with sodium light, consider the following 
simple experiment (fig. 4). Two semicircular’ spots 
of light are projected on a sheet of white paper, 


Fig. 4. Demonstration of the greater richness of contrast with 
sodium light: 
l AB white light A'B’ ` sodium light 
AA’ white paper BB’ black cloth. . 
If A’ is as bright as A then B’ appears much darker than B. 


the left half (AB) of white light and the right hal, 
(A'B') of sodium light. The intensities of ilumina- 
tion are so adjusted, that the two apparent bright- 
nesses are the same, e.g. 0.3 candle per sq. m- 
Now place on the lower half (BB‘) a piece of black 
cloth, whose coefficient of reflection is for example 
20 times smaller than that of the paper. À remark- 
- able result is then observed, viz, that whilst A 
and A’ appear equally bright, the quadrant B’ 
appears much darker than the quadrant B, in other 
words the “sodium contrast” A'B’ is much more 
‘pronounced than the “white contrast” AB. 

This phenomenon can be directly explained from 
fig. 3, in which the four points are indicated showing 
the conditions in the quadrants 4BA'B'. The two 
points 4 and A’ both lie on the curve h = 0.3 
candle per sq. m, and correspond to brightnesses 
H = 0.390 and 0.474 candle per sq. m respectively. 
The points B and B' should have a brightness 

:20 times smaller, viz, H = 0.0195 and 0.0237 
respectively (the vertical distance between A and B 


on a logarithmic scale is thus equal to that between ` 


A’ and B' in the diagram). It is seen that an 
apparent brightness h = 0.0138 corresponds to the 
` point B and a value h = 0.0036 to the point B’. 
It is actually found that the apparent: brightness 


* 


of the quadrant B' is much lower than that of B. 

In exactly the same way the better contrast 
obtained on sodium-lighted roads can also be 
explained. The two road surfaces then correspond 
to the quadrants 4 and 4', and the dark objects to 
quadrants B and B'; the object B' stands out 
much more strongly from road A’ than object B 
from road A. B» i , 
' Since this phenomenon is fundamentally due 
to the displacement of the visibility curve of the 
eye, it follows that it will only occur when at least 
one of the two brightnesses is situated in the range 


‘in which such displacement takes place. This 


effect thus disappears at both high and very low 
brightnesses. In road lighting we are in a very 
favourable range, for the brightness of the road 
is of the order of 0.3 candle per sq. m and is thus 


- near the top of the displacement range, whilst that 


of the object is usually much lower in the transition 
region. Between these two brightnesses there is 
an appreciable Purkinje displacement, which in- 
tensifies the contrasts when using sodium light. 
A still closer insight into these conditions is 
obtained by introducing a measure for the 
richness of contrast, and for this purpose we have 
again drawn the function connecting H, h and 4 
in fig.5. How can we obtain a physiologically correct 
measure for the contrast between, say the points P 


and Q, which both represent a definite brightness, 


with light of 5350 À? Neither the difference in 


energy nor the energy ratio (the length PQ in fig. 5) . 


is a measure of the contrast which can claim physio- 


- logical accuracy; the best measure for the contrast 
between P and Q is the number of steps of just - 


perceptible difference in apparent brightness be- 
tween P and Q. Thus, on the line 2 — 5350 A we 
must locate the points, which are'separated by one 


step (in the figure each tenth point: is marked), . 


and assume that through all these points. the 
curves of equivalent apparent brightness have 
been drawn‘). Each curve is given a number m 


(numbering commencing from n = 0 for the ab- .. 
solute threshold value); these numbers have been ` 


inserted on the left-hand side of the curves. 


We thus establish the fact, that the contrast - 


between two points of the diagram applying to the 
same type of light is 1,—75, when the,curve with 


number n; passes through one point and the curve - 


with number n, through the other point.  . 
The contrast between P and Q in fig. 5 is thus 20, 

that between h = 0.878 and h = 0.0239 is 80 for 

every type of light, and those between A and B 


4) These curves thus belong to the family of curves shown 
3. up 


in fig. 
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and between A’ and B' in fig. 3 are 55 and. 67 
respectively. The definition is in agreement with 


Kn? 
uj 
= . ' 
10 2 
320 : 647 Kin? ` 
280 R=1007 317 
m 0 ———— H 9) <= y 
2 | j6n-Re A i a LL 258 | . 
e „p ne 
tt 120- Rz080 : A ] =Re160= 0 275 
ast 100 YH ER 
Q2. 80- f ] rf SI Mr s a 
01 - ` 7 ll Ris T 


—— 3,77 107 


25.10° 


10° 


10 


4000 4400 


4800 5200 5600 6000 6400 6800 
163568 


Fig. 5. H-A — with lines of equivalent apparent bright- 
ness h ( ) and lines of equal richness of contrast R (- - -). 
For sodium light the maximum value of R (1.33) is at H = 0.3 
candle ‘per sq. m, whilst for white light R is everywhere equal 
to unity. 


the —— Two contrasts PQ and P'Q' are 


equal, when P and P' and also Q and Q' each have . 


_ the same apparent brightness. 

The richness of contrast R of a specific type of 
light with a given apparent brightness hy is defined 
as the quotient of the contrast obtained by reducing 
- the brightness by a factor 5, and the contrast with 
white light between the apparent brightness hy 
and the apparent brightness obtained when again 
the brightness is reduced five times. (The factor 
. 5 is a-common ratio of brightness on highways). 
|» Thus, for every point in the diagram we can deter- 
mine in this way the richness of contrast R and 
plot the curves for equivalent R, as has been done 
in fig. 5. The following is noted: >` ids 


1) For very low and high brightnesses, the. 
richness ‘of contrast is practically equal to 
unity, ie. it is the same for all colours as for 

white. l ? 

2) "The maximum richness of contrast is obtained 


at the greatest wavelengths (red) at apparent 
brightnesses of 0.3 to 0.6 candle per sq. m. ` 
The richness of contrast is lowest at the short 


3) 
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wavelengths (blue) for an apparent brightness 
of approximately 0.3 candle per'sq. m. 

For sodium light the richness of contrast 
assumes its greatest valueata brightness of 
about 0.3 candle per sq. m.,i.e. just at those 
brightness values, which occur most frequently 
-on road surfaces. | 

Thé richness of contrast for white light is acoord: 
ing to definition always equal to unity; the richness 
of contrast for mercury light is nearly the same 
since the mercury curve (Hg) and the curve for 
white light (W) in fig. 3 differ very little from each 
other. Actually in practice the use of mercury 
light does not improve the contrast obtained. Too 
much importance must not be attached to the 
marked richness of contrast in the extreme red, be- 
cause the reduced sensitivity of the eye in this 


4) 


: range of wavelengths makes the use of this kind 


of light of little use in practice. 

. In conclusion, it may be noted, that it is reason- 
able to expect that at a specific apparent brightness 
a greater richness of contrast is accompanied by a 
somewhat greater contrast sensibility. This phe- 
nomenon has indeed been observed on comparing 
sodium light and white light: In the region of the 
Purkinje displacement the contrast sensibility 


is slightly higher for sodium.light, than for white 


light, at equivalent apparent brightnesses. At 
equivalent brightnesses no marked differences are 
observable. 
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SOME CHARACTERISTICS OF RECEIVING VALVES IN 
SHORT-WAVE RECEPTION 


By C. J. BAKKER. 


Summary. Phenomena are discussed which relate a) to the space-charge of electrons in 

the spaces between the electrodes of a receiving valve, and b) to the finite time of transit . Fo nd 
- of the electrons between the different electrodes. On the input side of the;valve a) causes: i 

detuning and b) a damping in ithe: input circuit. These effects must be considered particularly 

with short waves. 

A new method of amplification is described, which is based on the induced charge xicuducsd -3 l LEES 
by the electrons on an "anode" with negative bias. With short waves this new method ~ 
is under certain circumstances superior to the #tandard method of amplification using a 


“positive” anode. t4 ES "uu r 
, EVE 


Introduction 


At the present time there is a pronounced 
tendency to include short waves in the range of 
wave lengths used for broadcasting. In the following 
the term short waves is used for all waves with 
. a wave length under, 15 m, and in this connection 
it may be recalled, that waves of approximately 
7 m and even shorter are now being employed 
for television purposes. 

In this article a number of the most important 
characteristics of these short waves are discussed, 
which must be taken into consideration when 
using the receiving valves in the short-wave range. 

The present discussion will be restricted in the 
main to threc-electrode valves or triodes, but can 
easily be extended to tubes with more electrodes. The 
operation of a valve of this type is governed by 
the laws connecting the alternating currents in 
the input circuit i, and the output circuit i, 
with the voltages e, and e, on the input and output 
sides. The input circuit is defined here as the 
circuit connected to the cathode and the control 
grid, whilst the output circuit is connected to the 


4 , 


cathode and the anode. If the dioii voltage e; 
and e, are sufficiently small, then the relationship 
between the voltages and the currents is linear, i.e. 
equations of the following form apply: 


A, B, C and D in these equations are determined 
by the characteristics of the receiving valve and 
by the d.c. voltages applied to the anode and the 
grid. . ' . 4 

The coefficient A is the slope or characteristic 
of the valve, and is a measure of the degree to which 
the anode current i, is controlled by the grid 
potential e,. i 


B indicates; which dieninio current passes to -` 


the anode.as a result of an alternating anode 
voltage e,. 1/B is termed the output impedance 
of the valve. 

The coefficient C determine: the alternating 
current, which flows between the cathode and the 


.. grid when the latter is fed with alternating voltage. 


1/C is termed the input impedance. If the bias of 
the grid is negative, no direct current can pass from 


ES 
m 
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the cathode’to the. grid. The passage of alternating 
current is, however, not zero, since the input voltage 
e, generates a capacity current between the grid 


& 
and the cathode. We shall see later, that in spite 


of a negative bias and particularly at high fre- 


quencies a resistance term also appears in the 
expression for the input impedance in addition to 
a capacity term: 
The coefficient D gives the "reaction", i.e. the 
action of the anode potential on the grid current. 
The-current in a receiving valve is conveyed by 
electrons, which dre emitted from the hot cathode. 


This signifies that electrons are always present 


in the space between the cathode, grid and anode, 
and that their density is the greater the larger the 


number emitted from the cathode per second and 


the slower the speed at which they move. The 
effects associated with these electrons existing 


in the vacuous space (space-charge) and having : 
a finite velocity of translation are of paramount 


importance, when dealing with ultra-short waves 
and form the subject of this article. 


An important property of the space-charge is -- 


its influence on the mutual capacity of the electrodes 
between which the charge is generated. These 
capacity variations and their effects are discussed 
in detail in the section: Variations in Tuning, 
and ‘in the. first part of the theoretical section. 
Those phenomena are also dealt with, which are 
due to the: fact, that the electrons in the valve 
require a short yet finite time-interval to pass 
from one electrode to another. This signifies, 
inter alia, that the phase of the anode current will 


be behind that of the control voltage, the angle of ` 


lag increasing with the frequency of the alternating 
control voltagé. The results of these effects are 
discussed in the section: Damping Effects, and 
in the second ‘part of the theoretical section. 

. The influence of both the space-charge and the 
time of transit of the electrons will be discussed 
mainly in reference to the input side of the receiving 
valve. Our investigations will therefore relate 


exclusively to the coefficient C. It is useful to note 


that both these effects are more marked here than 
on the output side. Between the cathode and the 


‘control ‘grid the eléctrons have very much lower 


velocities than between the otlier electrodes, owing 
to the low acceleration voltage (the bias of the 
control grid is negative). In consequence the space- 
charge is of greatest density in this area and for 
the same reason the time ‘of transit from the 


. cathode to the first control grid is large compared 


with the time of transit between the other electrodes. 
"Finally, in the section: Induction Effect we 
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shall consider an induction effect produced: by the 
space-charge, which has an important result in 
six-electrode mixing valves and also in octodes. 
On this induction effect is based an entirely new 
method of amplification applicable to ultra-short 
waves and which will be dealt with in the last 
section. i gF 


Variations in Tuning 
As the simplest example consider the circuit of 
a triode given in fig. 1. The following discussion 
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Fig. 1. The input circuit consisting. of a self-induction and a 
condenser is connected with the grid of the triode. The inter- 
electrode capacity Cat: is raised by the space-charge between 
G and K. As Cy, is in parallel with the external capacity, 
the space-charge affects the tuning of the input circuit. The 
resistance R,, which bridges the capacity Cu is produced 
as a result of the finite time of transit of the electrons between 
K and G. Ry, causes a damping of the input circuit which is 
proportional to the square of the frequency. 


can, however, be applied pari passu to multi-grid 
amplifying valves. The electrode condensers C,, and 
C,, are in parallel with the condenser of the 
connected oscillating circuit and hence reduce the 
natural frequency of the latter. Since the capacity 
C is governed by the space-charge between the 
cathode and grid which fluctuates with the anode 
current its effect on the tuning is not constant, l 
and on theoretical analysis it is found, that this 
space-charge raises the capacity Gy The increase 
A C, of the capacity is greatest, when the current 
is determined by the so-called space-charge equi- 
librium, i:e. when the filament emits an excess of 
electrons, so that part of the electrons are forced 
back to the cathode owing to repulsion sustained | 


from electrons in the intervening space. In this 


. case A C, is independent of the current intensity. 


In all other working conditions of the valve 4 C,, 
is smaller. 
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Variations in tuning are particularly marked in 

. receivers equipped with automatic volume control, 
since the latter is so designed that as the aerial 

signals become more powerful the amplification 

of the control valves is reduced by increasing the 

negative bias-of the control grid. The control valve 

‘has a control grid with a wire winding of variable 
slope. On raising the negative bias the current is 

first suppressed at those points of the cathode 

most closely covered by the winding, which results 

in a shortening of the emitting cathode and hence 

in a reduction of the supplementary space-charge 

capacity, thus producing an alteration in the tuning. 

_ The capacity variations 4 C,, in question are of the 


order of 1 uF in valves of normal dimensions., 


They are naturally the greater the smaller the 
capacity C of the oscillating circuit. In general 
the capacities used are the smaller the higher the 
frequency to be picked up. The effect of capacity 
fluctuations is therefore ` preda marked in 
short-wave reception. 

The capacity fluctuations in the receiving valve 
become the more apparent, the greater the sharpness 
of tining of the oscillating circuit, which is. detuned 
by the change in capacity. 

Consider the circuit shown in fig. 1. To obtain 
the maximum alternating voltage e, at the terminals 
P, and P, (i.e. between the grid and the cathode) 
for a given current intensity' J of the generator 
the impedance R of the oscillating circuit must 

. be as high as possible !). The impedance and the 
sharpness of tuning of an oscillating circuit are, 
however, closely related to each other, viz, by the 
equation: 


* 


o 1 
^ .2nvAC 


where v is the natural frequency of the oscillating > 


circuit and AC that alteration in capacity in the 
tuned oscillating circuit which reduces the potential 


difference between P, and P; to 70 per cent (more . 


` accurately y 1/,) of its maximum value. With wave 
- lengths exceeding 20m an impedance R = 20000 


ohms can be readily obtained. Taking this imped- . 


ance value in a concrete example, and requiring 
a flatness in tuning A C 21 yuk (the deviation 
must be at least this value in order that capacity 


fluctuations shall not cause detuning), one obtains’ 


an upper limit for the frequency: 
1 E 
< —— —. = 8105 see“ 
vs ZaRACC | sec™ 


1) The: nen. is defined experimentally by the quotient 
R = eg/l of the tuned circuit. . 
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which corresponds to the wave length: 
i 0 A > 38 metres: src 


Thus, in the example considered. here, ihe effect 
of capacity fluctuations is felt in reception of wave ' 
lengths below 40 m. 


‘Damping effects ' — - 


- The finite time of transit of the electrons from 
the cathode to the control grid, as discussed in 
more detail in the theoretical section, causes a 
damping in one of the oscillating circuits connected 
to these two electrodes. It is found, that when the‘ 
voltage of the generator G is kept constant, the 
effective power taken from it is greater with the 
valve in ‘circuit than when the valve is cut- out.- 


(This valve can be cut out, for instance, by making 


the negative grid bias -V, so high that no anode 
current passes.) This damping is equivalent elec- 
tically to a resistance R,, which bridges the 
capacity C. Contrary to the capacity fluctuations 
A Cy, which are independent of the frequency, 
R,, is inversely proportional to the square of the 


8 
ua Table I gives a selection of experimental 


Table Y. Taput- capacity and input damping of the AF7 
receiving valve at different wave Jengths. . 


Input capacity Input damping 


A [Che Ci, edm Ria " =3 mal (Ry = 
m | pF uuF MO | MQ | MQ 
200 | 65 | 80 5 |3 | 8 

40 | 65 | '80 3 0-28 2031. 
20 | 65 | 80 1-5 0-074 0-078 
10 | 65 8-0 0-6° | 0-0185 0-019 

4 | 65 8-0 0-1 0-0029 0-003 


The effect of the space-charge on the input capacity is in- 
dependent of the wave length (4 C,, = 1.5 up FP). On the 


other hand the input damping is inversely proportional to 
the square of the wave length owing to the time of transit 
of the electrons (I/R = 1/R;. =3 md — UR; Lo) | 


data for the high-frequency pentode AF 1. Fig. 2 
shows logarithmically the measured values of Ry 
for various frequencies w (in radians); these points 
lie on a straight line with a gradient of —2 in accord 
with theoretical requirements. The damping, which 
increases .with the frequency, causes a marked 
reduction jin the attainable ’ amplification with 
ultra-short waves. In the theoretical appendix it 
is shown, that the period of oscillation of the shortest 
waves which can be amplified must be 1.4 times 
greater, than, the time of transit of the electrons 
between the cathode and the grid. For the valve — 
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AF 7 calculation gives a shortest wave length of 
85 cm. 
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Fig. 2. The resistance R,j,, produced as a result of the finite 
time of transit of the electrons between the cathode and grid, 
is plotted along the ordinate, and the logarithm of the frequency 
in circular measure along the abscissa. The values measured 
with the high-frequency pentode AF7 lie on a straight line 
with a slope of —2. This is in agreement with theory. which 
states that R,, must be inversely proportional to w?. 


Both the capacities of the electrodes and the 
times of transit of the electrons are proportional 
of the valve 


to the dimensions with a specific 


arrangement of electrodes and given voltages. 


Fig. 3. The picture depicts the evolution of the high-frequency 
amplifying valves (pentodes) for short-wave reception. The 
second valve on the left (AF7) is used in modern radio receivers. 
The smallest pentode on the right, which is a little more than 
1 em high can still be used at a wave length of 50 cm. 
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An immediate method for controlling ultra-short 
waves is therefore to reduce the external dimen- 
sions of the valves. Fig.3 shows the evolution 
of high-frequency amplifying valves for short-wave 
reception. The two valves on the left are used in 
modern sets for normal wave ranges, whilst the 
smallest type on the right can still be used at a 
wave-length of 50 cm. The input capacity C, 
has been reduced from about 6 pyF to 2.5 uF. 
The cathode-grid distance has been reduced from 
0.4 mm to 0.1 mm and the times of transit of the 
electrons from the cathode to the control grid have 
been reduced from 2:10~° sec to 0.5:10~ sec. 


Induction Effects 


In multi-grid valves it may occur, that the voltage 
at one pair of electrodes (e.g. across grid and 
cathode) affects the space-charge between two other 
electrodes. A circuit in which this effect is produced 


is shown in fig. 4. The grids 1 and 3 have a small 


- 0 + - + 
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Fig. 4. Part of the electrons which pass through grid 2 are 
turned back from grid 3 so that between grids 2 and 5 a large 


negative bias, and the anode a still higher potential. 


Owing to the retardation of the electrons by grid 2 
a rather high space-charge density will be present 
between grid 2 and 3. This charge will fluctuate 
in phase with the alternating tension of grid 1 
provided by generator G. The fluctuation in space- 
charge will induce a fluctuating charge on grid 3, 
so that an alternating current will pass in the outer 
circuit between the grid 3 and the cathode. If this cir- 
cuit contains impedance the potential of grid 3 will 
fluctuate in synchronism with the generator voltage. 
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The characteristics of the impedance between the 


RECEIVING VALVES IN SHORT-WAVE RECEPTION 
i * 


175 


Part of the electrons emitted from the cathode 


rid to the cathode will thus determine the phase* ` passes throu h the meshes in the screen grid, is 
g p P g 1 grid, 


relationship between the two voltages. If the 


voltages are in phase, induction will intensify the 


effect of the grid potential on the anode current 
and increase the slope. If, however, the potential 


` at grid 3 is in phase opposite to the anode current, 


induction will reduce the effect of the grid voltage 
on the anode current, i.e. the slope. Which of these 
two results will obtain, depends on the natural 
frequency of the L-C-circuit. If the free oscillation 
v of. the circuit has a higher natural- frequency 
than the oscillation v, produced by the generator G, 
the slope will be increased. If on the other hand 
Pur oW, the slope will be reduced. The effect of the 
induction on the slope is clearly apparent with 
octodes, when used as mixing valves in heterodyne 
receivers. . 7 


A New Amplifying Method 


às 'shown already, in the previous section, the 
induction .forces of the space-charge can result in: 


an ‘increase of the amplification factor of a valve < 


if a suitable circuit is used. An arrangement will 
be described below, which for. short waves is just 
as efficient as the standard amplification circuit, 
in some cases even better, and in which amplification 
is due entirely to induction. Consider the tetrode 
in fig. 5. The “screen grid" 2 has a high positive 
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Fig. 5. The anode has a slight negative bias, so that the electrons 


which pass through the grid 2 are turned back directly in^ 


front of the anode and return to this grid. The density of the 
space-charge between grid 2 and the anode varies in 
rhythm with the alternating voltage at grid ! furnished by, 
the, generato 
flüctuatfhig4 rge on the "anode", so that an alternating 
cürrent-flows in ‘the anode circuit. An, alternating ,voltage is 
thus produced in; he anode circuit, which may be several times 


greater, than thé alternating voltage at ‘grid 1. Withz short" 


waves this circuit" ith a" snegativg" anode gives ‘at greater V 


amplification thay ay üormal circuit [With a "positive" anódey ` » 


SE E 


. This fluctuation in space-charge induces a : 


repelled by the anode and finally ends at the screen 
grid itself. The density of eléctrons is very great 
‘at the point where they reverse direction. The 
negative charge- between the screen grid and the 
anode induces a positive inductive charge Q on 
the anode. If the control grid is given a small 
alternating voltage with a frequency in radians 
of w, the: space-charge density in front of the 
anode will be altered and hence also the, inductive 
, charge Q. The anode current is i, = dQ/dt. From 
this it follows, that the anode catrent has the 
following characteristics: . 
a) its frequency in radians is o; 
b) its amplitude is proportional to @; 
_c) with a pure ohmic resistance R in the anode 
© circuit it is in phase quadrature with the 
potential at the control grid. 


The ratio of the voltage fluctuations at the 
resistance R to the corresponding voltage fluctu- 
4 ations at the control grid can as usual be taken 


„as thé amplification. By suitably rating the resist- - 


pU Ra higher amplification factor cah be obtained 


for short waves by this method, than by the usual, 


method using a high positive anode potential. The 
amplification does not, however, rise with increasing 
frequency in this wave range, but falls, since, owing 
to the finite time of transit of the electrons between 
the screen grid and the anode, damping effects are 
produced on the anode side which, like the input 
damping, increase with the Spur of the fre- 
quency. 

. Upon closer examination of theinduction process 
it is found, that the new method of amplification 
offers advantages only at frequencies at which the 
time of transit of the electrons already causes 
appreciable ‘damping. The. popa S of maduction 
amplification is: c 


where s is the natural slope, œw the frequency in 
radians and T thejtime of transit of the electrons 
from the. Screen rid up to near the anode and back. 
S5 willbe of the same order of magnitude as the static 
slope. s ifc is o£ tbe order of unity, i.e. in the same 
fréimeney, range. hi which damping i$ considerable. 
JA do interpret equation (1) it must be remembered 
that the order Hf magnitude of the induced charge 
“is ‘represented by the product of the current i, 
parsing though. the meshes of the screen grid. and 
E time of transit 7 i to near the anode and 
back to the, screen ae 


ter 


176 


T= c1.se, sinwt 


Q= Bri, 
‘The induction current 


dQ - 
dt 


and hence the slope of e i 


to the anode is therefore: 


= f s wr e, cos wt = ving cos wt 


S= po 

em 

in agreement with equation (1) if for 6 the numerical 
value ?/, is inserted as deduced by more detailed 


analysis ?). 


—scor 


In experimental work on the new method of 
amplification a 40-fold amplification was obtained 
with a 50-m wave and a 10-fold with a 5-m wave. 
In the standard amplification circuit the corre- 
sponding factors were 75 and 7. The new method 
is thus superior at a wave-length of 5 m. l 

In conclusion it should be mentioned, that good 
results have been obtained in the construction of 
a complete radio receiver with three-stage high- 
frequency amplification and operating on the new 


method. In interconnecting the various amplifying . 
. equation’ (2): 


stages it was found particularly advantageous that 
the anode and control grid have the same direct 
voltages. The anode of the preceding valve can 
therefore be connected directly with the grid of 
the next valve, without the aid of a coupling unit 
consisting of a condenser and grid-leak as is usually 
necessary. 


Some Theoretical Considerations 


Detuning. Consider the simple case of a three-element valve 
with flat electrodes (fig. 6) whose surface area is large compared 
with the space between the electrodes. The broken lines indicate 
the potential distribution obtained in the absence of space- 
charge in the.valve (i.e. with a cold cathode). The space-charge 
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Fig. 6. The broken lines indicate the potential distribution 
- without a space-charge in the valve (i.e. with a cold cathode). 
The continuous lines show the potential distribution with 
the space-charge. At the cathode the tangent to the potential 
curve is horizontal so, that at the cathode the field strength 
is zero. 


2) C. J. Bakker and G. de Vries, Physica 1, 1045, 1934. 
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1 
affects the potential field mainly between the cathode and 


. grid. If the electrode potentials are kept constant and the 
*anode current is increased by heating the filament up to the 


limiting value of the space-charge equilibrium, the potential 
distribution represented by the continuous lines is obtained. 
In the absence of a space-charge the capacity of the grid 
relative to the cathode is: f 

Cg EPET 
where a is the distance between the grid and cathode and f 
the area of the surface. 

The variation in capacity due to the space-charge can be 
readily calculated if the alteration in the field strength at 
the location of the grid is known. Langmuir has given the 
following equation for the potential distribution as affected 
by the space-charge: 

; » 
v= v; oaa a DY 
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V, is here the effective potential at the surface of the control 


‘grid, termed the control voltage or potential. This potential 


is determined primarily by the potential V, of the grid wires, 
the anode voltage V, having a much less effect. To a satis- 
factory approximation we may WE 


Ley, ae 


where í/g is a small number, g is termed the amplification 
factor. If the anode voltage is constant, as is assumed below, 
the alternating control voltage is equal to the alternating 
grid voltage. The Seld strength at the grid is, according to 


e YA 4 V, (xVP| 

eG). - Ez] 
Ox/.-a 5 a Va 

The charge per unit surface of the grid is Q — (E/42) f, where 

f is the area of the grid; with the aid of the relationship: 


=a 


i charge = capacity x voltage (Q = CV) 
we get the capacity: 
ga 
X . 5 47a 


whilst in the absence of the space-charge: 


f 


Bk o 4ma 


would be obtained. The capacity thus increases by a third 
of its value. 

. With a grid and cathode of cylindrical form a similar 
calculation gives the relative variations in capacity JC ak! Cox, 


which are determined by the ratio r Pu of the radii ‘of thé 


grid and cathode and in general are greater than with flat. 
electrodes. In fig. 7 the relative increase in capacity has been: 
plotted as a function of r,/r,. 
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Fig. 7. In a cylindrica} valve the variation 4 C,, in the inter- 
electrode capacity C,, due to the apacechuiee 3 is a function 
of the ratio r "i of ths radii ‘of the grid and cathode. The 
figure shows the shape of this function. 
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Input impedance. To calculate the input . damping, - flat 
electrodes are. again considered. The alternating grid voltage 
. in the circuit in fig. 1 ise eg sin wt. The capacity current to the 
grid at low frequencies, at which the time of transit is short 
compared with the period of oscillation, is: 


I = capacity 'X differential quotient of dis voltage 


with respect to time 


(3) 


4 , 
I = = Cy, eg Gcos 01 49 9995 
2 


At high frequencies, owing to the finite time of transit of the 
electrons, the current phase will lag considerably behind the 


value given by equation (3); the lag is proportional to the ` 


time of transit t and the frequency w in radians. If the propor- 
tionality factor is a, we have: 


E 
E 5 9 Cg eg [sos (ot —a 0)] 
or since even with ultra-short waves awt «4 í: 
"E A f . 
[= = w Cy e, [cos wt + awT sin € 1] 


Accurate calculation 3) gives a = 0.075. From equation (4) 
it is seen that the current receives a component which is in 
phase with the voltage. Energy is thus dissipated, which is 
the direct cause of the damping of the associated oscillating 
circuit, 

The damping expressed in equation (4) corresponds to a 
bridging of the grid-cathode capacity by a conductor: 


If in place of C, we introduce the usually better known 


slope s of the valve, according to the equation: 


pg e Ke ae d 


we get: 


Equation (5) follows from the known law of the space-charge 
current; 


HQ = const. ye 
The slope is: 


= ¢ ZEN (1) 


3) C. J. Bakker and G. de Vries, Physica 2, 683, 1935. 


RECEIVING VALVES IN SHORT-WAVE RECEPTION p = 
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" The anode current i, is equal to the space-charge Q between the 


grid and cathode, divided by the time of transit (i, = Q/t). 
In the case of the space-charge equilibrium | under consideration 
here the field strength at the cathode is equal to zero *). 
As a result no inductive charge is generated on the cathode. 
The inductive charge on the grid is then equal to the space- 
charge Q between the cathode and grid with the sign changed. 
Tf for Q we insert the product of the grid voltage V, and 
the grid-cathode Papesty 4[5 € gk We get 


EJ 


iQ = 4/3 Cor pu 
and thus equation (7) becomes 


s = 


to] or 
[CEN 


hence 


S.T, T s N 
Cu = —— in accord with equation (5). 

From equation (oi it may be deduced, that an. input signal 
whose period of oscillation is shorter than the time of transit 
of the electrons can no longer be amplified; this signifies that 
it is then no longer possible to obtain an alternating voltage 
in the anode circuit greater than the alternating grid voltage 
The alternating anode voltage e, is equal to the product 
of the anode alternating current ;, and the resistance R, in 
the anode circuit. This resistance is, however, limited if “the 
alternating voltage generated at it is passed to the grid of 
the succeeding valve. For, as already indicated, grid and cathode? 
are bridged by a resistance R gk- which decreases with rising. 


frequency. If we assume that this resistance determines the’ i 


anode resistance, we get:, 


eg = ig Ry, = 5.8, gk 
and hence the amplification obtained. with the valve i is: 
eq 20 
= — = = -m . (8 
eg 3 R; k oir (8) 


The last part ‘of equation (à) is really, only another way of: 
writing equation’ (6). - 


177 . 


Tf .we insert the time of oscillation T = 2 zjo, we get: 


ica S 
fros (3) "e 


To obtain amplification (f > 1) the time of oscillation T 
of the incoming wave must be greater than 1.4 v. ; 

With the high-frequency pentode AF 7, v is for example 
2-10— sec. Hence the limit of amplification is T = 2.8.10? 
Sec, corresponding to a wave length A= 85 cm. 


` 


^ 


3) “It is assumed here that the electrons are emitted from the _ 


cathode with zero velocity. 
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HEAVY-CURRENT CONDENSERS 


Summary. A short survey is given of the reasons responsible for the extensive use of heavy- 
current condensers as phase-shifters. This is followed by a discussion of the internal 


construction, the electrical characteristics and the testing, the life and finally the external 
design of these condensers. Further applications (other than for power factor improvement) 


are also briefly referred to. 


Introduction 


Extensive use has been made of heavy-current 
condensers as phase-shifters which are generally 
employed for this purpose for reactive powers 
up to approximately 1000 kVA. During recent 
these 
rotary phase-shifters for still higher powers. The 


years condensers have also superseded 
principal reasons responsible for these develop- 


ments are: 


a) The almost complete absence of loss in these 
condensers. 

b) Their simple and economical divisibility which 
enables their distribution throughout a whole 
network. In so far as other practical consider- 
ations permit, the reactive power can be 
generated close to the point of consumption 
and thus relieve both lines and transformers 
of reactive currents. The following advantages 
accrue: Reduction in transmission losses, im- 
provement in voltage regulation and, in new 
plants and systems, marked economies in 
installation costs for the line network. 

c) A battery of condensers can be economically 
expanded to any desired proportions, so that 
the capacity of the plant can be adapted to 
the current demand without incurring un- 
necessary installation costs and losses. 

d) As the condensers contain no moving parts, 


no special attendance is required. 


About ten years ago the general adoption of heavy 
current condensers was limited by their life in 
service not always being satisfactory. Moreover, 
at that time experience was lacking regarding the 
interconnection of large batteries of condensers 
and the means for avoiding resonance effects. 
Since these difficulties have now been overcome, 
the use of rotary phase-shifters appears to be 
justified only in cases, where they have a second 
duty to perform, viz, where large synchronous 
motors are used simultaneously for driving machin- 
ery and for generating reactive power. 


Internal Construction 


Heavy-current condensers are built up of reels 
made on reeling machines from aluminium foil 


with several intermediate layers 


(fig. 1). 


of thin' paper 
These reels are rated for a capacity of 


Fig. 1. 


Condenser reeling machine. 


0.5 to 2.5 uF and for voltages from 220 to 900 volts. 
At a 50-cycle frequency their reactive power is 
30 to 100 VA. For higher capacities the individual 
reels required are connected in parallel, and for 
higher voltages they are series-connected in groups. 
In the case of low-voltage condensers the reels in 
parallel are connected to the bus-bar by thin silver 
wire which also acts as a fuse. These reels are fixed 
in a frame and then evacuated in an impregnating 
tank; after being impregnated with oil they are 
finally placed in a casing which is hermetically 
sealed (figs. 3 and 4). 

The dielectric composed of oil-impregnated paper 
sheets determines the efficiency and reliability 
of the condenser. As the capacity of a condenser 
is inversely proportional to the thickness of the 
dielectric, it is desirable to use the thinnest possible 
dielectrie in order to save both cost and weight. 
At the present time a rating of 0.5 to 1 kVA has 
been obtained per cub. dm (at 50 cycles). A reduction 
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in dielectric losses has gone hand in hand with an 
increase in the permissible voltage loading of the 
dielectric. These improvements and advances have 
been responsible for the rapid development of the 
condensers during the last decade. Condenser paper 
of satisfactory uniform texture can now be made 
with a thickness of only. 7y; and with very low 
dielectric losses, which do not increase with. tem- 
perature rise in the range of heating experienced 
with these condensers. At a working temperature 
of 50 to 60 deg. C. the losses of the finished dielectric 
are a minimum. The dielectric, which is usually 


only a few hundredths of a millimetre thick, is. 


` built up of several layers of this thin paper, so that 
the unavoidable slight defects of the single layers 
cannot cause trouble. Rag paper is in most cases 
more suitable than cellulose paper, since it can be 
made thinner and with lower losses. For impreg- 
nation highly refined mineral oils are used, whose 
chemical and electrical properties: have to comply 
with severe standards. 3 : 

In the manufacture of these condensers evacua- 
tion. and impregnation are the two most important 
operations. Before evacuation the paper contains 
5 to 8 per cent moisture, and 20 to 40 per cent ‘of the 
total volumie is occupied by air. The extent to which 
moisture and occluded air can be removed, the 
correct bandling of the material during manufac- 


ture and the retention of- the. initial conditions 


during service are the-main- factors _ determining 
the losses, efficiency and life of the condenser. 
Water and air are removed from the oil by 
atomising it on spraying into the evacuated im- 
pregnating tank. By using flat reels and making 
them of the most suitable dimensions, adverse 
mechanical stresses in the condenser reels are 
avoided and the dielectric can be compressed to a 
standard size, thus ensuring uniform impregnation. 
The reels are made fairly small in order to ensure 
adequate removal of air and moisture from the 
interior. The subdivision of the condenser into 
small elements also permits simple and reliable 
control of every stage in manufacture. z 
The surface area of the dielectric is already 
of the order of 1000 sq. m with a 50 kVA condenser. 
Such a large surface of the thin dielectric can 
only be obtained with satisfactory precision by 
extremely careful supervision of the raw materials 
used and of every step in the manufacturing pro- 
cesses. The paper is tested before use for tenacity, 
folding coefficient, elongation, freedom from acid, 
dielectric losses and conductive places. The acid 


value, insulation resistance, disruptive voltage and - 


viscosity of the oil are also continually tested. 
x ud 


Electrical Characteristics and Testing 


An effective pressure of 10 to 20 kilovolts can be 
applied per mm of the dielectric without endan- 
gering the efficiency and life of the condenser. If 
the condenser is used mainly for direct current, as for 
instance in voltage smoothing in rectifier units, 
an effective pressure up to 80 kilovolts per mm may: 
be applied, according to the ripple of the voltage 
and the duration of loading. The disruptive voltage 
found in D.C. tests is as high as 240 kilovolts per 
mm. With a 50-cycle alternating current applied 
for 1 minute, the disruptive voltage is roughly 
120 kilovolts per mm. If the A.C. test voltage is 
applied for longer periods the disruptive voltage 
first diminishes rapidly, then more slowly, and 
after a time attains practically a constant value 
in the neighbourhood of 40 kilovolts.¢ per mm.’ 
The test specified in current standards in which 
2 to 3 times the working voltage is applied for the 


. period of a minute does not therefore givésan’ ade- 


quate insight into the behaviour of the condenser 
during continuous. gervice, and it is onlycguitable 
for bringing out ilie; more serious defectg.. Tt: is, 
however, not advisable. to i increase the testvoltage, 
as there is then the , danger that the lifé?of the 
condenser will be impaired. A. closer insight into 
the operating characteristi¢s of, the condenser is 
gained by re e is termed the ;phase 
displacement 61). . ; 

Fig. 2 shows the conico between idi, E and 
the voltage per mm thickness of the dielectric. 
In addition to the absolute value of tan ô at the 


working voltage it is particularly important to 


40 Keff pmm, 
ge 6399 


Fig. 2. Tangent of the phase displacement (tan 6): asa function 
of the voltage per mm at 50 cycles. 


1) Ifthe current taken from the — differed by exactly 
90 deg. in phase from the voltage, the condenser would 
operate without loss. In condensers the dielectric losses 

~ are only very small as compared with their reactive power. 
They cause a small deviation from 90 deg. in the phase 
lag between current and voltage, such deviation being 
represented by the phase difference ô. The tangent of 
this angle (tan 6) is therefore the quotient of the watt 
losses of the condenser and its reactive power. 
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know its variation as the voltage rises. The curve 
given here was obtained in measurements, in which 
the voltage was gradually increased at the rate 
of 5 kilovolts per mm per hour. It is seen that at 
the outset tan ô remains constant up to a certain 
applied pressure. It then begins to increase slowly, 
probably owing to the ionisation of the dielectric. 
‘Later tan 6 increases very rapidly and indicates 
the imminence of rupture. In current production a 
standard value of 0.002 is obtained for tan ô, i.e. 
the losses total only 2 per 1000 of the reactive power 
of the condenser, which is at most 1/20 of the 
operating losses with rotating phase-shifter. From 
practical considerations, it would indeed not be a 
disadvantage for the losses to'have been a little 
higher; the smallness of the losses and particularly 


their constancy over a wide voltage range are, 


however, reliable criteria showing the efficiency 
of the condenser ?). 
Life 

At international technical ‘congresses the life 
of power current condensers was stated in 1927 
to be only 3 years, but by 1933 their accredited 
life has already increased to 30 years. The first- 
mentioned figure applied to condensers with a 
` solid impregnation, which are no longer adapted 
-for heavy-current purposes. Although the latter 
figure cannot be borne out by experience for 
obvious reasons, it is nevertheless based on reason- 
able evidence. The last and determining stage in 
the advances made has been due to research on 
certain chemical changes in the impregnation oil 


during long service, such changes being. first. 


observed on cables and later also in the interior 
of condenser reels. These changes probably take 
‘place owing to the traces of residual oxygen in the 
dielectric and their ionisation in powerful electric 
fields. Accompanied by the evolution of gas the 
oil is then converted to higher molecular com- 
pounds of a wax-like nature. The voltage at which 
this transformation takes place has therefore been 
termed the “gas voltage". 
complete evacuation at the outset and by employing 
an oil less liable to undergo such transformation, 
it is possible to raise the gas voltage far above the 
working voltage range and thus eliminate the 
direct causes of aging. This has been confirmed by 


3) The standardisation of a dielectric by measurement of 
its dielectric losses was first adopted in Holland in 1925 
in the regulations laid down for tests on high-tension 
cables, on the basis of investigations by C. F. Proos: 

. Eenige beschouwingen omtrent dielectrische verliezen 
van hoogspanningskabels (v. Kampen, Amsterdam 1921). 


Similar testing regulations appear applicable to condensers ` 


also. 
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accelerated aging tests with voltages higher than 
the normal working level. 


External Construetion 


A high condenser capacity can be accommodated 
either in a single enclosure or built up of a number 
of separate small elements. The second method 
results in a higher efficiency and has therefore been 
favoured by Philips. Large batteries of condensers 
are built up from units rated from 10 to 60 kVA, 
either of single-phase or three-phase design. This 
method of battery assembly. offers moreover the 
following advantages:. 

The large cooling surface relative to is volume 
obtained in smaller units, coupled with the low 
losses, results im a temperature rise of only about 
5 deg. C. The thermal expansion is therefore small, 
enabling hermetically-sealed enclosures to be used 


, which completely exclude access of moisture and 


air during service. The rise in temperature is,, 


` moreover, so slight that the phase difference and 


disruptive strength remain practically constant. 
The time during which the impregnated reels 
are in contact with the air before hermetic enclo- 
sure in the condenser chamber has been reduced 
to a harmless minimum. In practice the sub- 
division of a battery of condensers into any number 
of groups to meet specific. requirements or an. 
alteration of the grouping to satisfy a.new distri- 
bution of the load involves no difficulty whatsoever. 
In the most common cases where the mains voltage 
is altered, the condensers can be adapted to the 
new voltage quite readily by modifying the arrange- 
ment of the circuits (delta, star and series cir- 
cuits). Erection of the condensers on site is quite 
simple and does not require a crane, whilst they 
can also be readily adapted to the available space. 

A battery: of. condensers for low-voltage circuits 
composed of six units each of 10 kVA, which is set 
up in a simple iron frame, is shown in fig. 3. The 
condenser chamber of each unit is a welded sheet- 
iron structure with pressed-in strengthening ribs. 
The. cover of the chamber has two connecting 


‘terminals of moulded insulating material and an 


earthing terminal. In the interior of the chamber 
there is a discharge resistance, which lowerst he 
charge of the condenser to 1/10 of its working 
voltage within 30 secs. after disconnection. Tinned 
copper strips connect the units in a delta circuit. 
The earthing terminals of the units. are screwed 
to the frame, which is itself earthed. 

High-tension condensers for phase-shifting and 
for mains voltages up to 30,000 volts axe made as 
cylindrical units (fig. 4). The leading-out insulator 


r 
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of each unit constitutes one electrical pole, and the 


iron casing the second pole. The top frame of the 


Fig. 3. 


shifting. 


Low-voltage condensor-battery 60 kVA for phase- 


iron rack, to which the units are suspended, connects 
the chambers in a star circuit and constitutes their 
neutral. In assemblies with insulated neutral point 


the rack is supported on insulators. 


Fig. 4. High-voltage condensor-battery 360 kVA for phase- 
shifting. 
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The production of phase-shifting condensers for 
mains voltages over 30000 volts by series inter- 
connection of the reels appears to present no dif- 
ficulty, but at the present time there is no demand 
for such assemblies. High-tension condensers are, 
however, employed for other purposes, of which 
a few examples will be given here. 


Further Applications 


After 


could be built to satisfy all requirements imposed 


it was demonstrated, that condensers 
for use in heavy-current circuits their employment 
made rapid strides. In addition to their use for 
power factor improvement, these condensers have 
also been employed in heavy-current equipments 


for the following purposes: 

a) Starting of single-phase asynchronous motors. 

b) Voltage smoothing in rectifier equipment. 

c) Over-voltage protection (protection against 
surges produced by electric shadow, leakage 
and storms. 

d) In oscillating circuits of high-frequency fur- 
naces. 

e) Coupling of lines 


high-tension with  high- 


frequency telephone circuits. 

f) For the protection of radio receivers against 
interference from consumers connected to the 
power mains. 

Brief reference to various types of heavy-current 
condensers used for the above purposes may prove 
interesting. 

For coupling high-tension lines with high-frequency 
telephone. tele-metering and remote-control cir- 
cuits, the condensers are incorporated in porcelain 
insulators. The insulator shown in fig. 5 contains 
a capacity of 0.001 uF at a working voltage of 
150 kV. which corresponds to a reactive power of 
7 kVA. Condensers for over-voltage protection are 
of similar design. 

For X-ray apparatus and impulsive voltage 
apparatus. the reels are accommodated in rings of 
insulating material, each rated for 0.05 uF at 50 kV. 
Any high voltages can be obtained by mounting 
the requisite number of rings one above the other. 

Fig. 0 shows a 400-kV X-ray equipment with the 
condenser rings in the pillars standing against the 
wall. From the same rings an impulsive voltage 
generator for 2 millions of volts, has been built 
which will be described in a later issue of this 
journal. The same type of condensers is used in the 
high-voltage equipment described in this Review 
1, 6. 1936 (s. fig. 3). 
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A further type of heavy-current condenser oper- of condensers, shown in that article, was rated for 
ating in the oscillatory circuit of a high-frequency 6000 kVA at 7000 cycles and 5000 volts. It is 


Fig. 6. A 400 kV X-ray equipment. 


1/1673 


s heieri aaar Bondie aari E Mghaccpnity mpho made up of 72 units, each of 83 kVA, which have 
£ S W: /O. [ut LM 
P been provided with cooling ribs to dissipate the 
induction furnace has also already been described heat generated by the specific powers and losses 


in a previous issue of this Review ?). The battery which increase with the frequency. 


3) Philips techn. Rev. 1, 56, 1936. Compiled by H. EHRNREICH. 


Rectification: On page 157, in the May issue of this Review (article 
“Optical Telephony") the dispersion of the beam oflight is estimated 


to 11/, per cent. This value must be replaced by 11/, per mille. 
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A SPEED-INCREMENT TEST AS A SHORT-TIME TESTING METHOD FOR 
ESTIMATING THE MACHINABILITY OF STEELS 


` 


Summary. Cutting tests on lathes, in which the cutting speed increases proportiónally 
to the time(speed-increment tests), are suitable for estimating the machinability of different 
kinds of steel and the wearing properties of lathe tools made of high-speed steel. It is 
found, that the results obtained in cutting tests with a constant cutting speed (Taylor 
tests) can be deduced from the results of tests in which the face of a disk is turned with 


. radial feed, beginning at the centre. 


Introduction 


The materials nied. m the NV. Philips? 


Gloeilampenfabrieken for its products and: their ` 


manufacture are supplied according to strict 
testing standards. The: supervision of all materials 
received is in the hands of the material-testing 
department, which is itself a section of the material- 
investigating department of the research laboratory. 
This investigation department develops the speci- 
fications on which the testing procedure is based 
.and is also engaged in research work on various 
problems, such as. the choice of material, the 
working out of the best methods of treatment and 
the elimination of practical difficulties in manu- 
facturing processes. We propose to describe such 
material investigations from time to time in this 
Review and will commence with a description of 
an investigation directed towards an improvement 
of certain testing methods as well as towards the 
choice of materials and their optimum treatment. 

The consumer is always faced with, serious diffi- 
culties in the testing of metals as soon as specific 
information is required of their machinability. 
These difficulties lie mainly in the considerable 
amount of time and comparatively high expense 


due. to extensive machinability tests. As a result 


users endeavour to obtain a guarantee for satis- 


factory machinability by stipulating specific re- 
quirements for certain other properties, e.g. in 
respect of hardness and chemical composition. 
It has, however, been amply demonstrated that 
this policy does not give the desired result. There- 
fore it is unquestionably one of the most important 
problems of the metal-industry to develop some 
kind of short-time test for machinability, which 
can form the basis of practical testing procedure. 
Restricting ourselves in the following to the 
machinability of steel in turning round bars in a 
lathe, a good impression is obtained by measuring 
at different cutting speeds the time during which 
a standardized tool holds (ie. the time until the 
‘tool breaks down through wear and chipping), 


e 


c 


when making a cut of definite dimensions. The 
reliability of the results obtained in practice with 
these Taylor tests (as they are called) will be the 
greater the more closely the conditions of test agree 
with. those met with in actual practice. This . 
signifies, inter alia, that the duration of the tests - 
must be of the order of at least 30 or 60 minutes. 
However, the unavoidable lárge diversity in the 
results of such tests: renders it necessary, that 
each test be repeated several times in order to 
obtain a reliable mean value. ` 

This tedious and wasteful method dius dacosally u 
given rise to a desire for a short-time testing ` 
method. Such a method is that, in which the cutting 
speed is progressively increased !). Fundamentally 
this method consists in increasing the cutting speed 
at such a rate, that in spite of a low initial speed 
the tool becomes blunted very quickly (usually | 
after no more than a few minutes): Tests based on 
this principle can be carried out in two different. 
ways. Firstly, in turning a round bar the angular 
speed of the lathe can be gradually increased, the 
size of the chip automatically remaining unaltered. 
Secondly, keeping the angular speed of the lathe 
constant, the face of a short thick bar or a disc 
can be cut, beginning at the centre towards the 
outside (see fig. 3). In this case the cutting speed 
increases ‘proportionally to the distance of the tool 


‘from the axis of the disc. In this paper we will 


mainly deal with this second method, which will 
be referred to below as the “disk-test” ?). 


1) Cf. Werkstoff-Handbuch Stahl und Eisen, E 41, Düsseldorf, 
1921. 


3) Compared with the Brst-mentioned method the disk-test ` 
offers the advantage, that it can be applied on any lathe 
without a special arrangement (such as a D.C. motor with 
regulator) for gradually increasing the speed of the lathe. 
However, a disadvantage is that the disk-test generally 
requires materials with a largér diameter, than is necessary 
in other tests, which not only limits the application of 
the method but also introduces a certain degree of uncer- 
tainty owing to the unavoidable difference between thin ' 
and thick material and a more or less marked irregular- 
ity over the cross-section of the thick material. 
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Where machinability tests have been ‘referred to 
above, it has always been assumed that the turning 
tools were all identical. Only the bars to be cut 
were considered to be made from different materials. 

Conversely, the cutting qualities of various high- 
speed steels can be compared ‘with each other by 
carrying out Taylor-tests and/or disk-tests on one 
definite kind of steel with tools of a standard model. 
Moreover,.a comparison can also be made between 
lathe tools from one and the same high-speed steel 
which has been submitted to different heat treat- 
ments. Systematic experiments on these lines were 
performed in this Laboratory by W. F. Brandsma’), 
. and aimed primarily at establishing the best process 
for hardening and tempering modern high-speed 
steels. These steels in fact require an exceptional 
heat-treatment to endow them with optimum 
- cutting -properties. - - 

` Other series of experiments have been performed 
to demonstrate that the disk-test is very suitable 
as a short life-test for determining the optimum 


‘tool angles and for obtaining a criterion of the ` 


machinability ^). 
Principle of the Taylor test x 


The arrangement used i in the Taylor tests is 
shown diagramatically in fig. 1. 


16345 


Fig. 1. Normal Taylor test. A cylindrical layer is cut from 
the bar, which revolves at constant angular speed. Thus the 
cutting speed v is constant-throughout the test and a definite 
tool-life T (i.e. the time elapsing. before the tool completely 
breaks down) is found for every value of v. 


3) W. F. Brandsma, Metaalbewerking 2, 541, 1936. 
4) J. R. J. van Dongen and J. G. 
bewerking 3, 1 and 49, 1936. 
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F. W. Taylor 5) was the first who called attention 
to the simple formula: l 


r-(5 ZI 


v 


which represents to a fair degree of approximation 
the relation between the tool-life T and the linear 
cutting speed v, when throughout a series of tests 
all other factors, such as the material being cut, 
the material and angles of the tool, the dimensions 
of the chip, the lubrication, etc., are kept the same 
and only the cutting speed is varied. C and n are 
constants, which depend only on the factors men- 
tioned. If the cutting speed is expressed in meters 
per minute and the tool-life in minutes, then C 
varies, according to circumstances, between 10 and 
500 and n between roughly 6 and 20. The straight 
line by which equation (1) is represented in a 
double logarithmic diagram facilitates the determi- 
nation of-the speeds v, (e.g. v; and vg) correspond- 
ing to definite values of the tool-life (e.g. T' = 
and 60 min) from a small number of tests made 
with several suitable cutting speeds. : 
Fig.2 shows a double logarithmic v-T-diagram for 
one of the kinds of steel, which have been examined. 
We have assumed, that the speed vj; ie. the 


70 110 120 -= 140 150 160 
— y m/min 16718 


Fig. 2. Results of Taylor tests with a particular kind of 
steel. The tool-lives T have been determined for different 
cutting speeds v and are plotted in a double-logarithmic 
diagram. In agreement with Taylor's equation (1) these 
points lie on a straight line from which the values of the 
constants C and n for the particular steel can be deduced. 


cutting speed corresponding to a tool-life of 30 
minutes (other conditions being equal) has a 
greater practical significance than vg. This is 


more readily understood, when it is remembered  , 


5) Taylor, “On the art of cutting metals" 1907. A consid- 
erable amount of data and an extensive bibliography are 
given in E. Brédner, ,,Zerspanung und Werkstoff”, 
Berlin, 1934. E 
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that on the whole the lathes in workshops do not al- 
low the cutting speed to be varied continously. Gener- 

ally that speed will be used, which is as close as possi- 
` ble to v3, and is smaller than vz. If one keeps v equal 
to or smaller than v, and it is assumed that the 
lathe-speeds, which can be successively adjusted 


are roughly in a ratio of 1 : V2, the time between 


two grindings (e.g. for n = 8) will occasionally. 


turn out to be (2)? x 30 min = 
mean time being about 2 hours. . 

As a tool is blunted, its face becomes gradually 
grooved and scored by the chip travelling acróss 
it. At the start this wear of the tool has very little 
effect on the power consumption of the lathe and 
on the state of the worked surface, but during 
the last stage of blunting, when a more or less wide 
bright-polished zone appears on the bar being cut, 
the temperature and hence the wear of the edge 
and the power consumption increase more and more 
.. rapidly until the cutting edge becomes so hot, that 
- the tool breaks down. -The bright-polished zone 


8 hours; the 


8) As a matter of fact from equation (1) we get T, [T4 = 
1/V2 for two cutting 

speeds gives T, [Ts = (Ya )" for the ratio of the corresponding 
` tool-lives (e.g. (/2)" = 16 for n = 8). 


(vg/v;)"." Hence a ratio v,/u, = 
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results from the blunt tool rubbing harder and 


harder against the surface. The last stage during 
which the cutting action of the tool is no longer 
normal is always of such short duration, that it 
can safely be neglected in determining the life of 
the tool. ] U 


Principle of the disk-test 


In a disk-test, a disk of the material being tested 
is clamped to the lathe chuck and a hole is bored 


-at the centre. The tool to be used in the test is 


now fixed at centre level, started at the surface. 
of the central hole and fed towards the periphery 
of the disk, the lathe operating at constant angular 
speed. Fig.3 shows the principle of the arrangement. ' 
Fundamentally in disk-tests the tool is subject to 
similar changes in face-lathe work as in Taylor- 
tests, except that owing to the steady increase of 
the linear cutting speed these changes take place 
more and more rapidly. The result is, that the last: 
stage of blunting, now limited to. a much shorter 
period, becomes apparent by no more than a bright 
edge at the end of the worked surface. Again the 
cutting edge becomes hot and breaks down. — 
During the test the lathe runs at a constant ` 
angular speed of N.r.p.m. The diameter D, of 


- Fig. 3. Normal disk-test. The disk which revolves at a constant speed, is cut from the 
. centre outwards. The, cutting speed v now increases during the test up to a definite 
value v, at which the tool completely breaks down. : i 


186 : PHILIPS TECHNICAL REVIEW - 


the disk, at which the-failure of the tool has occurred 
is measured in mm. The maximum obtained cutting 


„speed v, expressed in meters per minute, corres- 
ponding to D,, is given by the expression 
AE TY SS ^ 
$ 1000 ; 


In aecordance with formula (1) the tool will, 


with a smaller N, not break down at the same D,, 
as at first, for over the same cutting length the 


speed has been lower during the whole time. As 


a result the tool cuts on further to a larger D,,. 
On the other hand, with the smaller N only a 
smaller v,, will be obtained on account of the longer 
‘cutting length. Fig. 4 shows the relationship found 
experimentally between v,, and N for the same 
steel as considered in fig. 2. 


400 600 


" — N mint 


800 {000 


193947 
Fig. 4. If a disk-test is repeated with a lower number of revolu- 
tions N, a lower maximum cutting speed v,, is found, which, 
however, then corresponds to a greater cutting length (and a 
greater D,,), The curve shows the relation found experimentally 
between N and v, for the same steel as in fig. 2. By keeping 
Da constant the formula (2) between N and Vm 15 represented 
by a straight line. À series of these straight lines for different 
values of D,, are also plotted in this figure; they allow those 
values of v,, to be found, which correspond to definite values 

of D,» e.g. to D,, = 100 mm. 4 


The simplest method would of course he, to 
keep NN the same in all tests, in which case the 
values of v, would be directly comparable with 
each other. If, however, the investigation includes 
a widely different range of steels, this method 


cannot be adopted, at any rate if very. large disk - 


diameters are to bé avoided in testing the better 
machinable steels. Van Dongen and Stegwee t), 
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taking this difficulty into consideration, have 
measured for each of these different steels v,, as 
a function of N, and by interpolation found those | 
values of v,, for each steel at which D, have definite 
values. This enables a comparison on the basis of 
equal D,, which seems as justified as a comparison - 
with a constant lathe speed, moreover, in practice 
we have the advantage that equal values of D,, 
enable a fixed size of disk to be used. 

_According to equation (2), the interpolation 
referred to is made by drawing in the N-v,, diagram 
the lines corresponding to the given values of D, 
and by. determining their intersections with the 
N-v,, curve. In fig. 4 this interpolation has been: 
made for five values of D,, and special attention 
is called in this diagram to the line for D,, = 100 mm, 
the cutting speed v, = »,, for this D,, being 
taken as the characteristic value of v,, for the 
material being tested. 


Relation between Taylor tests and speed-increment 
tests 


We have assumed above, that under comparable 
conditions of cutting, the progress of the wear of 
a cutting tool in disk-tests and in Taylor tests 
is analogous. However, this does not hold good. 
in all respects. Thus, a comparison of blunt -tools 
with each other reveals the fact, that.in Taylor ' 
tests of long duration the top surfaces of the tools. 
are excavated by the chip, whilst in the short 
disk-tests (and also in very short Taylor tests) 
there is no time for this to occur. To this excavation : 
corresponds a change in the amount of frictional 
work and in the energy of deformation of the chip 
and in consequence the heating of the tool is 
altered. It is reasonable to assume, however, that 
the differences. in the frictional and machining 
work in the two methods of test are small compared 
with the total energy applied to the tool. Although, 
on closer examination of the blunted edge, differ- 
ences may also be found in other respects, one 
may ask whether the results of the two methods: 
are in any way related. This is indeed found to 
be the case. * 

The equation of Taylor already rered to, for 


: the tests named after him: 


T= ($) paray W 

gives the relationship between the cutting speed v 
which remains constant during a test and the time 
T which elapses before the tool breaks down. We 
can write equation (1) also in the following form: 
T. — C^. (1a) 
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Assuming, 


function of the time expressed in the time T as 
unit, one can derive the following equation for 
- cutting tests wath variable speeds: 


P b de= C .. .- (8) 


Here the speed v(t) can still be an arbitrary function 
of the time, whilst T,, is the time, in which the tool 
completely breaks down. This formula, which for 
v = constant is reduced to Taylor’s expression 
(1), shows that in every cutting test, no matter 
“how the speed is varied, there is a relationship 
between the generalised tool-life T,, and the con- 
stants C and n of Taylor’s equation. 

Of course the nature of this relation will 
depend on the procedure of the test, i.e. on the 
variation of the cutting speed v with the time. 
In. order to be able to apply (3), we must know 
the function v(t). For disk-tests this function can 
be readily deduced. If N is the (constant) angular 
lathe-speed, a the radial feed and D, the diameter 


of the hole in the disk (the cutting speed at the 


. start of the experiment thus being vy = zx N Do), 
then the cutting speed v(t) at time t will be inven 
by the expression 

v(t) — z N (Dp + 2a Ni) = v, + 2x Nat, 
. if it is remembered that the diameter of the cut 
increases by 2a after each revolution. Substituting 
in equation (3), we get: 
"= f (vo + 20 Nat dt = 
o. 
1 
~ 2a (n +1) Wa (sl 

v, being the maximum .speed found in the disk- 

test. We now get the following expression for the 

required relation between the Taylor tests and 


the disk tests: 
v n+l 
m 


— vt?) 


3 


vt! = 2Qa(n+1)aN’C . (4) 
By substituting the. values v,; and v,, for two 
disk-tests carried out with different lathe speeds 
N, and N; we'get two equations of the form of (4), 
from which C and n can be readily calculated. 
Thus, for T = 30, vg, can be directly calculated 
hy inserting these values in (1). A Un 
If n is already known, the normal'cutting speed 
vp corresponding to the tool-life T' can be deduced 
from a single test on a disk, for by eliminating C 
from (4) and (1) and neglecting " Tu 
+17) we get: 


. against 


7 With n = 6, the smallest value occurring in practice, the 
error due to this neglect is still less than 1 per cent, if 
the diameter D, of the hole in the plate is less than D,,/2. 


that the xredüction in the cutting 
capacity of a tool in all the Taylor tests (with. 
different cutting speeds) is given. by the same — 
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Marc = (n+ 1) N aT 
To: obtain the simplest expression, we substitute 
v, = aN Dna (equation (2)) under the radical 
sign. If further the cutting speed is expressed in 
meters per minute, the feed a in mm per revolution, 
the diameter D,,'in mm, the lathe speed Nin r.p.m. 
and the time. T' in mins, so we finally get: 


n D F 
2 EE EE, 
"MTM la CEN °° ©) 


By this expression the normal cutting speed vj; 
for a tool-life of 30 min can be calculated from 
the values of v,, and D,, obtained in a single disk- 
test. — l i l E 

Equation (5) has been very satisfactorily con- 
firmed by actual tests. For a number of, steels 
submitted to Taylor tests and to disk-tests, vj, 
was determined in the Taylor tests by inter- 
polation in the v-T diagrams and in the disk-tests 
by the use of equation (5). The measured and 
calculated values of v4, are plotted in fig. 5. Each 


vag calculated 


v30 measured xc 


- Fig. 5. Relation between the measured and calculated’ values 


of vg. Each point shown corresponds to a particular steel. 
The measured value of vj, is derived from a v-T diagram 
such as in fig. 2 and is thus the result of a series of Taylor 
tests; the calculated value of v,, has been deduced from 
equation (5) with values of v,, and D,, found in a disk-test. 
As the diagram shows, the agreement between these two sets 
of values is very satisfactory. 


point marked corresponds to a particular kind of 
steel. If the assumptions made were rigorously 
valid, all points should lie on the drawn 45-degree 
line. LN ' 

In view of the low degree of reproducibility 
inherent in cutting tests of this type, it is evident 
that the deviations found are rather small. ‘The 
scattering of the points about the 45-degree line is, 
moreover, such as to indicate accidental deviations, 
so that on the whole the results may be considered 
satisfactory. 


(To be continued.) “Compiled by P. CLAUSING. 
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PRACTICAL APPLICATIONS OF X-RAYS FOR THE EXAMINATION 
OF MATERIALS 


By W. G. 


As already indicated in the previous article in 
this series, the possibility of detecting by radio- 
graphic means the presence of specific chemical 
compounds in a mixture or a chemical reaction 
product leads to numerous applications of the 
X-ray method for investigation. Some more ex- 
amples of these applications (identifications) are 


given in the present issue. 


9. Metallic Deposition in the Formation of Metallic 


Carbides 3) 


Metallic carbides, i.e. the compounds composed 
of carbon and metals, such as titanium, zirconium, 
tantalum, etc., are characterised by a high melting 
point, which in certain cases, e.g. tantalum carbide. 
is even higher than that for tungsten. In conse- 
quence the formation and properties of these 
compounds have been closely investigated in the 
light of their potential use for incandescent bodies. 

One method of preparing these carbides consists 
in strongly heating a carbon filament in the vapour 
of a volatile compound of the metal in question 
(usually a halogen compound), with or without an 
admixture of hydrogen. The formation of the carbide 
may then be represented by an equation of the 
type: 

MX, + C>MC+nX 


(M = metal, X = halogen), the halogen liberated 
either being evacuated or combining with the 
hydrogen. 

The carbide filaments obtained, which have a 
metallic appearance, are difficult to analyse by 
chemical means, as they are highly resistive to 
all reagents. Owing to their simple crystal structure 
they can, however, be quite conveniently identified 
by radiographic means. Fig. 1a shows an X-ray pho- 
tograph of zirconium carbide ZrC. The discontinuous 
character of the lines indicates, that the wire is 
composed of comparatively large crystals (> 10 u) 
(cf. the introduction to section II in this Review 1, 
60, 1936). 

In certain cases (depending on the temperature 
at which the above reaction takes place) wires are 


1) W. G. Burgers and J. C. M. Basart, Z. anorg. allg. Chem. 
216, 209, 1934. 


x. 


BURGERS. 


obtained, having a colour differing from the normal 
colour. An X-ray photograph of a wire of this 
type is shown in fig. 1b, which in addition to the 
ZrC lines found in fig. la also contains a number 
of lines coinciding with those in fig. 1c. This latter 


: 
H 
Li 
i 
1 


75998 


Fig. 1. Metallic deposition in the formation of metallic carbides. 
a) Zirconium carbide. 
b) “Zirconium carbide" wire obtained by heating a carbon 
filament in an atmosphere of zirconium halide, 
c) Metallic zirconium. 


, 


photograph was obtained with a wire of metallic 
zirconium. Thus it is shown that, in fig. Ib. in 
addition to the formation of carbide a deposition 
of metal has also taken place. A similar result 
was also observed in the case of tantalum carbide, 
where moreover it was found that two different 
carbides could be formed, viz, TaC and Ta,C, each 
having a different crystal structure. 


10. Detection of Thorium Oxide and Metallic Thorium 
in Tungsten Wire sy 

Various properties of drawn tungsten wires, 
such as crystal growth, recrystallisation ability, 
electronic emission, etc., depend on the presence 
of certain admixtures of which one of the commonest 


is thorium. Tungsten containing thorium is obtained 


2) W. G. Burgers and J. A. M. van Liempt, Z. anorg. allg. 
Chem. 193, 144, 1930. 
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by adding thorium nitrate or hydroxide to the tung- 
sten oxide which is to be reduced. For electronic emis- 


b 
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selves reduced during the reduction of the tungsten 
oxide, but are converted to oxides and are thus 


15996 


Fig. 2. Thorium oxide and metallic thorium in tungsten wire. 
a) Thorium oxide (ThO,), 
b) Mixture of thorium oxide and metallic thorium, 


c) Metallic thorium. 


sion itis of paramount importance, whether the thori- 
um occurs in the metallic state (Th) or as oxide (ThO,) 


in the reduced tungsten which is made into wire. 


a 
b 
` ] ' er 
‘ Li Li LI L] L] eer 
L] ` L] LI p 
c 4 
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Fig. 3. Thorium oxide in tungsten wire before heating. 
a) Pure tungsten (drawn wire). 
b) Tungsten + 3 per cent thorium oxide (drawn wire). 
c) Thorium oxide (— left part of fig. 2a). 
The dotted lines between figs. b and c indicate diffraction 
lines, which were too weak in photograph b to be sufficiently 
clear for reproduction by printing. 


It is generally assumed, that the thorium compounds 
mentioned (nitrate and hydroxide) are not them- 


, present in the wire as such before heating or on 


heating to a comparatively low temperature. 


According to the current theory partial reduction 


| 
| 


Fig. 4. Electrolytic deposition of fj- with a-tungsten. 
a) a-tungsten (= fig. 3a), 
b) Electrolytic product from a ternary melt of tungstates, 
c) f-tungsten obtained from a phosphate melt. 


of the thorium oxide to metallic thorium is assumed 
to occur only on raising the wires to a high tempera- 
ture (about 3000 deg. C); the metallic thorium thus 
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formed may then produce an enhanced electronic 
emission according to Langmuir. 

It is difficult to determine definitely by chemical 
means, in how far these conclusions are justified. 
Though it is possible, to dissolve away the ‘metallic 
tungsten with special solvents which attack neither 


metallic thorium nor thorium oxide (a mixture : 


of concentric hydrofluoric acid and nitric acid) 3), 
: leaving a white residue in the case.of an unheated 
~ wire and a grey residue in the case of a strongly 
. heated wire, the quantity of these residues is usually 
too small for accurate quantitative . chemical 
analysis, (normally a total of ?/, per cent of thorium 
oxide is contained in tungsten wire). This quantity 
is, however, amply sufficiént for X-ray analysis. 
It is found, that a radiograph for the white residue 
is identical with that for ThO,, while that.for the 
grey residue contains, in addition to the ThO, lines, 
other lines corresponding to those of metallic 
thorium. A comparison of the photographs repro- 
duced in figs. 2a, b and c shows clearly, how these 
differences can be determined, and thus demon- 
strates quite definitely, that the unheated tungsten 
wire contains the added thorium as oxide whilst 
the strongly-heated wire contains metallic thorium. 

Even without chemical treatment, the X-ray 
method can be employed to detect directly the 
presence of thorium oxide in tungsten wires before 
heating, provided the ‘tungsten used initially 
eontained an extra large amount of the admixed 
thorium compound, to give for instance a ThO, 
content of 3 per cent. Fig.3b is a radiograph 
obtained. with such a' wire, together with a com- 
parison photograph for pure tungsten (a) and for 
thorium oxide (c). À compansen of these photo- 


3) J. A. M. van Liempt, Rec. Trav. chim. Pays-Bas 45, 512, 
1926. ; 
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graphs shows, that the wire radiograph contains, 
in addition to the very intensive (strongly over- 
exposed) lines of tungsten itself (cf. with a), also 
a few weaker lines, which coincide with the ThO, 
lines in c. 


11. Electrolytic Deposition of p- with a-Tungsten 4) 


Metallic tungsten can be deposited by the ee 
trolysis of fused alkaline tungstates 5). By means 
of X-rays it can be shown, that when the temperature 
of the melt is kept below 700 deg. C in addition ' 
to-the normal ao-tungsten another modification, . 
B-tungsten, is deposited. According to the discov- 
erers of this phenomenon, this only occurs, when 
tungstate phosphate melts are used. 

It was important to demonstrate, that f-tungsten 
was also formed in the absence of phosphoric acid, 
provided only the temperature of the melt was kept 
below the upper limit mentioned above. 

This is indeed shown to be the case by the 
radiographs reproduced in fig. 4. Fig. 4b relates to 
an electrolytic product obtained at 500 deg. C from 
a ternary melt of potassium, sodium and lithium 
tungstates; a is the photograph for püre a-tungsten 


. and c the radiograph ”) of f-tungsten obtained from 


a phosphate melt. A comparison of b with a and c 
shows that the metal obtained from the phosphate- 
free melt contained both modifications; a study of 
c moreover shows, that conversely the f-tungsten 
obtained from the phosphate also contains a certain. 
amount of a-tungsten. 

4) W. G. Burgers and J. A. M. van Liempt, Rec. Trav. 

. chim. Pays-Bas 50, 1050, 1931. 
5) J. A.M. van Liempt, Z. Elektrochem. 31, 249, 1925. 


€) H. Hartmann, F. Ebert and O. Bretschneider. 
Z. anorg. allg. Chem. 198, 116, 1931. 


7) This radiograph was made by Dr. H. Hartmann: 
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No. 1064: J. H. de Boer and J. D. Fast: Die 


Kupfer (Rec. Trav. chim. Pays-Bas 
54, 970-974, Dec. 1935). ' 


At’ temperatures of approximately 800 deg. C. 
steam diffuses very easily through copper. Hydrogen 


diffuses much quicker through this metal, whilst . 


s 


Diffusion von Wasserdainpf durch’ 


nitrogen does not diffuse through it at all. With 


respect to ferró-chrome, nitrogen and steam exhibit 


opposite behaviours: Steam does not diffuse through 
ferro- chrome, ‘while nitrogen diffuses very readily. 


*) A sufficient number of reprints for purposes of distribution 
is not available of those articles marked with an asterik (*). 


Reprints of other papers may be obtained on application - 


-from Philips 
Holland. 


Laboratory, Kastanjelaan, Eindhoven, 
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‘No. 1064A; J. H. de Boer: Verandering van de 
ionisatie-energie van een alkali-atoom 
door binding (Ned. T. Natuurk. 2, 
273-288, Dec. 1935). 


A simple description is given, showing how the 
binding energy of an electron to an ion decreases 
under the influence of an external electric field. 
This concept is then expanded, to describe the 
reduction in the ionisation ‘energy of an alkali 
atom which is adsorbed at the surface. Potential 
curves for the adsorptiou of caesium in various 
states to a salt surface are given. Various phenomena 
: are discussed in their relation to adsorption. 


ra 


No. 1065: 
of the mercury high-pressure discharge 

(Physica 6, 389-394, Dec. 1935). 
According to Elenbaas the properties of electric 
discharges through mercury vapour at a high pres- 
sure are determined by the quantity of mercury 
vapour (m) and the energy consumption (L) per 
. em of the tube length. It is investigated, how m 
and L must be altered simultaneously in order to 
obtain corresponding states. Thermal equilibrium 
is assumed in this analysis. Self-absorption and 


the effect of differences in the temperature of the, 


walls are not considered. Experiments show, that 
the laws derived are applicable in practice. 


No. 1066: M. Ziegler: Shot effect of secondary 


emission. I. (Physica 3, 1-11, Jan. 1936). 

The author assumes, that the impact of a primary 
electron on a metal surface and the emission of the 
n secondary electrons, which are liberated by such 
impact, take place practically simultaneously, 
so that the primary and the n secondary electrons 
together give a single current impulse. As not-all 
primary electrons liberate the same number of 
secondary electrons, the secondary electron current 
is not made up of equal impulses. It can however 
be resolved into components composed of equal 
-impulses. Since the primary collisions are in- 
dependent of each other, it is possible by means 
of the theory of the shot effect, to calculate the 
quadratic variations of secondary electron currents. 
The author has carried out this calculation for a 
triode, in which the grid and anode are positive 
and secondary electrons can be emitted. It is found, 
that there must be a certain relationship between 
the quadratic fluctuations of the anode current 
and those of the grid current. This relationship is 
confirmed by accurate measurements indicating 
the correctness of the assumption, on which the 
calculation was based. 
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No. 1067: W. Elenbaas: Dynamische Charak- 
teristiken des Quecksilberbogens (Phy- 
sica 3, 12-30, :Jan. 1936). 


Alternating currents with frequencies from 50 to 


1400 cycles were superimposed on the D.C. through 


a discharge tube containing mercury vapour at ‘a 
pressure of 1/6 to 100 atmos. On raising the fre- 
quency from 60 to 14000 cycles the phase angle 
between the voltage and current diminished from 
150 deg. to 25 deg. The ratio of A.C. to D.C. 


conductivities first increased and then diminished. 


again, and at very high frequencies probably 
approaches unity. For a frequency of 50 cycles 


f : a" _. the curve for the emitted luminous radiation was 
G. Heller: Dynamical similarity laws - 


measured by taking.an oscillogram of the amplified 
current of a potassium photo-electric cell; the 
modulation of the luminous, intensity ` at this 
frequency is greatér than that of the current or 
the energy consumed. On the assumption of a 
temperature equilibrium and Boltzmann's 
distribution the radiation curve was calculated 


from the current and voltage curve using Saha's 


formula. The caleulated modulation is theri abóut 
double the value measured; this is probably due 


to neglecting the absorption’ which is greater at. 


maximum luminous intensity than at minimum. 


By striking an energy balance for the ‘discharge © 


and applying Saha’s ionisation theory the charac- 
teristics for the discharge can bé- deduced. when 
only the shape of the current curve is givén. The 
relationship between temperature and’ phase found 
in this way is in very good accord with the values 
calculated by the first-mentioned method. .The 


calculated voltage curve is-in satisfactory coin- . 


cidence with the results of measurement. 


No: 1068: J. A. M. van Liempt: 
dampfungsgeschwindigkeit der Metalle 
‘in einer Gasatmospháre (Rec. Trav. 


chim. Pays-Bas 55, 1-6, Jan. 1936). 


In continuation of paper No. 1051, where the 
volatilisation of a metal surface in vacuo was studied, 
this paper is devoted to a discussion of the influence 
of the gas molecules in the surrounding atmosphere 


on the volatilisation of a metal filament. The- 


number of atoms, which at a specific temperature 
leave the surface of an incandescent filament is 
independent of the surrounding gaseous atmosphere. 
Owing to the collisions with gas atoms a part of 


the metal atoms may, however, drop back to the 


surface of the filament, as a.result of which the 


rate of volatilisation in a gaseous.atmosphere of 


pressure is reduced in a definite ratio as compared 


. with the ratio in vacuo. The author obtains an 


Die Ver- 
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expression for this ratio, which at the limit p = 0 
tends to unity. The formula of Sophus Weber 
according to which this ratio is inversely proportional 
to the square root of the gas pressure does not 
satisfy this limiting condition and cannot therefore 
have a strict validity. For pressures which are not 
too low the two formulae agree fairly well with 
each other as well as with the experimental results. 
At higher pressures deviations are observed which 
are probably due to the fact, that the free path 
of the atoms then has an order of magnitude 
comparable to the irregularities in the surface of 
the filament. 


No. 1069: M. J. Druyvesteyn: Calculation of 
Townsend's a for Ne (Physica 3, 


65-74, Febr. 1936). 


For electrons which diffuse through a rare gas 
under the action of a homogeneous electric field 
the stationary distribution of velocity is calculated . 
from a consideration of elastic collisions, excitation 
and ionisation. It is. assumed in this calculation 


that the probabilities of excitation and ionisation 


are linear functions of the energy of the electron. 
A number of physical properties can be calculated 
from the velocity distribution. For ratios between 
the electric field strength and the pressure between 
5 and 30 volts per cm and per mm gas pressure, 
the ionisation coefficient a of Townsend was cal- 
culated and found to be in good agreement with 
experimental measurements. The energy loss due 
to elastic collision can in this case be neglected 
without affecting the result. 


No. 1070: J. L. Snoek: Magnetic powder experi- 
ments on rolled nickel-iron. I. (Physica 


3, 118-124, Febr. 1936). 


The so-called Bitter striae were registered for 
rolled nickel-iron in a more or less "pronounced 
anisotropic state. The striae always run parallel 
to the direction of easiest magnetisation. With 
highly anisotropic material the system of lines is 
less clear than with a low anisotropy; it can in 
fact only be clearly seen when the lines of force 
issue perpendicularly. According to the author this 
is probably due to the fact that in a highly aniso- 
tropic sheet the internal stresses are weaker. Re- 
heated material shows no striae. With coarse- 
crystalline sheets striae are found which correspond 
to those observed by Bitter and Akulov with 
stress-relieved single crystals. Intersecting systems 
of lines are found and sometimes also a second 
system parallel to the nies but with a much greater 
_ period. 
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J. H. de Boer: The influence of Van 
der Waals’ forces and primary bonds 
on binding energy, strength and orien- 
tation, with special reference to some 
artificial resins (Trans. Faraday Soc. 32, 
10-37, Jan. 1936). 

This paper commences with a discussion of the 
mutual orientation of the molecules under the 
influence of Van der’Waals’ forces. The tendency 
of the atoms to be in contact with as many other 
atoms as possible generally predominates over the 


No. 1071: 


anisotropy with respect to polarisability. Neglecting 


the repulsive forces, satisfactory results are obtained 
for the energy in the equilibrium state by means ` 
of the approximation formulae of London or of 
Kirkwood and Slater. As is well known, a much 
greater tensile strength is calculated for a theoretical 
crystal than that found by actual measurement of 
ordinary crystals. Ifthe Van der Waals’ forces are 
taken into consideration in such calculations then : 
the tensile strength of the crystals would be found 
higher still. By assuming a mosaic structure of the 
type suggested by Zwicky much lower tensile 
strengths are obtained, but these are still much 
higher than the measured values. According to 


.Smekal the low tensile strengths are due to 


structural defects in the crystal lattice. These 
suggestions made with regard to salt crystals are 
applied by the „author to artificial resins of the 
phenol-formaldehyde and m-cresol-formaldehyde 
types. For the theoretical structure the tensile 
strength is found to be about 4000 kg per sq. mm, 
whilst in a mosaic structure with Van der Waals’ 
forces this value would be reduced to 35 kg per 
sq. mm, which, is however, still much higher than 
the measured value of 7.8 kg per sq. mm for the 
tensile strength of phenol-formaldehyde. This may 
probably be due to inhomogeneities of the substance. 
With a theoretical structure, values for the tensile 
strength ean indeed be obtained in this way which 
are of the correct order of magnitude. Young? s 
modulus for. artificial resin does not depend on- 
Van der Waals’ forces (cf. No..1072 by 
R. Houwink). The potential curve of the linkage 
between two benzene molecules was also investi- - 
gated on the basis of the mutual forces acting 


‘between the individual CH groups. Regarding the 


orientation of the benzene rings in a substance, 
such as polystyrene, it was found that the benzene ` 
ring assumes a preferential position -with its plane 
vertical to the direction of the aliphatic carbon 
chain of this substance. The negative double 
refraction caused by flow in the’ case of polystyrene 
is thus explained. 
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IRRADIATION OF PLANTS WITH NEON LIGHT 


*- ^ By J. W. M. ROODENBURG and G. ZECHER. 


Summary. Owing to the want of light the growth and development of plants during 
-the winter becomes considerably arrested. This check may be’ completely or partly 
counterbalanced by irradiating the plants with artificial light. Owing to its favourable 
spectral distribution neon light is particularly suitable for this purpose. The technical 
development of neon light sources for plant irradiation and the irradiation conditions 
laid down by Roodenburg on the basis of extensive experimental work now permit 


the commercial grower and the amateur horticulturist to promote the growth of their 


plants by irradiation. 

After decades of abortive experiments in the 
Netherlands and elsewhere on the artificial irradi- 
ation of plants, an appreciable measure of success 
has recently been achieved in this direction. That 
light is one of the principal factors in the growth 
of plants has been realised fór many years, and 
the idea has long been entertained of attempting 
to influence the growth and development of plants 
by irradiation with artificial light. But only with 
the technical development of the requisite sources 
| of light has a fundamental investigation of this 

problem been made possible and enabled the market 
 grower and amateur horticulturist to employ 
irradiation methods on a practical scale. 


Composition of light for the irradiation of plants 


The life and Browth of plants are intimately 
connected with certain chemical processes. One of 
-the chief of these is the assimilation of carbon 
dioxide, in the course of which the plants absorb 
carbon dioxide from the air and the carbohydrates 
-from the water of which plants are principally 
built up. Carbon dioxide assimilation takes place 
only when a light stimulus is provided, the light 
being absorbed by the green colouring matter of 


the leaves, viz, chlorophyll. If the light available. 


for the plant drops below a specific level, e.g. 
during the short days of winter, growth is practi- 
cally static, even though all other conditions for 
their growth are adequately met, as for instance 
‘by placing in heated and moist greenhouses and 
by the addition of.suitable fertilisers. 
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By augmenting the natural^ light with ‘an 
auxiliary source of illumination, it has now been 


possible to promote the growth of plants even , 


during the darkest winter months. 


Carbon dioxide assimilation is most active in 


red light, which is absorbed to a high degree by 


. chlorophyll. Hence, in providing auxiliary irradiation 


for plants, it is essential to utilise a source of light 
containing a sufficient concentration of red rays. 
At an early date it.was therefore proposed to 
employ neon light for this purpose !). Fig. 1 shows 
the spectrum of a neon light source and the 
assimilation curve, the latter indicating the 


. amount of carbohydrate formed on -irradiation 


with an equivalent light energy of each wave- 
length. Neón has thé most intense lines just in 
that region in which the effect of light on carbon 
dioxide assimilation is greatest. The same figure 
also gives the spectrum for an ordinary glowlamp. 
The greater part of the radiation from the glowlamp 
consists of infra-red (invisible) rays and' only 8 per 
cent of its radiation is situated in the visible 
spectrum, whilst about 20 per cent of the totàl energy 


radiated from the neon tube lies in this region.: 


But since glowlamp liglit is much easier to generate 
and to manipulate than neon light, experiments 
have alsó been carried out on the irradiation 'of 
plants with glowlamp light. In the first place it is 
necessary to produce an adequate intensity of red 


H 
E 


1) G. Hóstermann: Experiments with neon light. Bericht 
Kónigl. Gártnerlehranstalt Dahlem, 1916-17, p. 16. 
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light. This can be readily obtained with high-power 
glowlamps, although at the same time an immeasur- 
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Fig. l. Assimilation curve, of plants, giving the relative 
amount of carbonhydrate formed on irradiation with a specific 
light energy at each wave length. The spectra for a neon light 
source and an ordinary glowlamp are also included. The 
strongest neon lines are situated exactly in that region of 
the spectrum of principal importance to assimilation, whilst 
maximum radiation from the glowlamp is obtained at much 
higher wave lengths, viz, in the infra-red. 
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ably greater amount of energy is also radiated in 

the undesirable region of the spectrum. 
Investigations made by Roodenberg ?) gave 

a fresh insight into this problem in so far as they 


demonstrated that excess infra-red rays were not ` 


only superfluous but even deleterious to the plants. 
Nearly all investigators have found with glowlamp 
light that, although the growth of the leaves was 
promoted án the’ irradiated - ‘plants, the .general 
quality .of:the plants. suffered, as' the stems 
and stalks grew too “leggy”. This “legginess” is 
due to the ‘high percentage ‘of infra-red heat rays 
given out by glowlamps 2 nd E 
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2) J. W. M. Roodenburg:Kunstlichteultuur, October, 1930 
and December; 1932. -Meded. - Landboüwhoogeschool 
Wageninge 


_ by R. Veenman, Wageningen.) . - - 
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3) In some cases it is mainly a question of rapid growth, as 


in the germination of seeds and bulb ‘culture, etc. No 
carbohydrates need be formed in these instances, their 
formation taking place at the cost of reserve bodies 
which have been accumulated in the bulb. With these 
plants, growth may be'equally well promoted merely by 
increasing the témperature; "light" is of no specific value 
here. f l - 


n, vol..34, No..8 and vol. 36, No. 2. (Published - 
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As we have already seen, neon light also contains 
infra-red radiation, although there is ‘here not the 
same disproportion, between the infra-red and the 
red rays as found with the glowlamp. Moreover, the 
distribution of the radiated energy over the various 


parts of the infra-red region is here quite different, 


as is shown in fig. 2. The “infra-red” has here been 
divided up into three almost arbitrary ranges, viz, 
from a wave length of 0.8 to 1.3 u, from 1.3 to 3 p, 
and above 3 y. The “visible” wave lengths extend 


^ 
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Fig. 2. Infra-red radiation in neon light (a) and in glowlamp 
light (b). The infra-red range is divided into three fairly 
arbitrary parts. The ratio of visible to infra-red radiation 
is much less favourable with the glowlamp than with the 
neon tube. At the same time radiation between 0.8 and 3 p, 
which probably is mainly responsible for the unwanted 
“legginess” of plants, is almost completely absent in the 
neon light, whilst it constitutes the greater part of radiation 
from the glowlamp. 


from 0.4 to 0.8. Neon light radiates an adequate 
amount of energy in the first (visible) range, 
almost none at all in the second and third ranges 
and a very large proportion in the last range 
(above 3 u). A glowlamp, on the other hand, which 
in the visible spectrum gives the same amount of 


.radiation energy as the neon tube, radiates light 


rays principally in the two ranges of 0.8 to 1.3 
and up to 3u. It is, moreover, probable, although 
not yet confirmed by experiments, that the infra- 
red radiation, in the range from 0.8 to 3 'U causes 
more “légginess” in plants than the very long wave 
radiation 3 y. For the latter radiation is already 
radiated to a considerable extent by the heating 
arrangements provided in greenhouses and living 
rooms. a. Ve NN EE : ] 

The points outlined above have been confirmed by 
a large number of experiments on a wide variety of 


‘plants, in which the neon light was found exception- 
“ally suitable for plant irradiation. In figs. 3 to 6 — 


a few of the results arrived at in-these experiments 


“are reproduced. The general observation may be 


made that apart from more rapid growth larger 
leaves are also formed, which owing to the greater’ 
amount of chlorophyll formed are coloured a dark ~ 


t 
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green !), the stems are thicker, the roots are stronger, 
and frequently the formation of fruit and blooms 


is also much promoted. 


Dosage of irradiation 


Similar to the procedure dictated in irradiation 
treatment for medical purposes, the application of 
the correct dosage is also a most important factor 
in the irradiation of plants if successful results 
are to be obtained. The correct dosage can also 
be established by actual experiments, and is 
determined by two factors: The radiation intensity 
to be used and the time during which the plants 
are exposed to irradiation. Important experimental 
data have already been collected regarding this 
the 


College at Wageningen. It is evident that in 


question, particularly by Agricultural 
these experiments the “efficiency” of irradiation 
has also had to be given consideration in view of 
the practical adoption of the method by market 
growers: The costs of irradiation must be in reason- 
able proportion to the extra return which well- 
developed plants will fetch. 

As regards the requisite intensity of irradiation, 
the experiments have shown that with the majority 
of plants very good results can be obtained with 
an illumination intensity of 500 to 1000 lux. For 
purposes of comparison it may be stated that the 
mean illumination on a December day at about 
3 o'clock in the afternoon is roughly 3000 lux and 
during the evening on a sufficiently. illuminated 
desk about 200 lux. 

Turning to the irradiation times, it is possible 
to regulate the “light diet" of the plants in a variety 
of ways. Consideration must be given to the stage 
of growth at which the plants are irradiated, 


4) This result is frequently observed after 


nights’ irradiation. 


only a few 
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furthermore for how many weeks or months 
irradiation is to be applied and how many hours 
each night. In general an irradiation period of 8 hours 
nightly is recommended, e.g. from 10 p.m. to 
6 a.m. It does not lie within the scope of this 


article to set forth full instructions for irradiating 


plants, such as have been worked out on the basis 
of the research carried out at Wageningen referred 
to above, particularly as the instructions vary 
according to the genus of the plants. 


The irradiation of Star of Bethlehem (Campanula iso- 
phylla) may, however, serve as an example. This plant, which 
is slipped and potted in spring and is disbudded as much 
as possible during the summer, is usually transferred to the 
forcing house about the first of September. About the middle 
of November irradiation with neon light is commenced (at 
a forcing house temperature of 15 °C.). During the first 
few weeks little result is to be seen, although the irradiated 
plants very soon acquire a fine dark-green colour. During 
December the growth of the plants is rapid and large leaves 
and stout stems are formed. At the end of January, when 
the plants have borne a host of buds, irradiation can be 
terminated. Irradiation is therefore only applied during the 
budding period. As early as the beginning of February the 
first buds will open on the irradiated plants (see the photo- 
graph in fig. 3). 


Plant irradiation equipment. Neon tubes 


At the time neon lights were introduced for the 
irradiation of plants, they had already been employed 
for several years for luminous advertisements. The 
neon light sources used for these purposes consisted 
of a long glass tube, into the ends of which two iron 
electrodes were fused, and containing a neon filling 
at a pressure of approx. 10 mm. They were run 
on high tension (e.g. 3000 volts) and emitted a 
comparatively small luminous flux per metre of 
tube length (160 lumens per m). The use of high 
tension in damp forcing houses for the irradiation 
of plants met with serious objection as well as 
the low brightness of the high-tension tubes. To 
obtain the requisite illumination of at least 500 lux 


Fig. 3. Star of Bethlehem (Campanula isophylla). Picture taken on February 5, 1934. 
Left: Irradiated with neon light, 600 lux, each night from 10 p.m. to 6 a.m. from 
November 2, 1933, to January 25, 1934. Right: plants non-irradiated. 


196 PHILIPS TECHNICAL REVIEW 


Vol.-1, No. 7 


Fig. 4. Strawberry, 
ferred to forcing house October 2. 


var. “Deutsch Evern.” Potted in the open, July 19, 1935; trans- 


a) Picture taken on December 7, 1935. Left: Irradiated with neon light. approx. 450 lux, 
nightly 10 p.m. to 6 a.m. Right: Non-irradiated plants. 
b) Picture taken February 28, 1936 (towards the end of the crop). Left: Irradiated as 


at (a). Right: Non-irradiated plants. 


a tube already about 5 m long was required for 


| sq. m of radiation surface. 

The illumination intensity could only be increased 
at that time by raising the current intensity, but 
with the then normal pressure (10 mm) of the neon 
filling this had a very adverse effect on the efficiency 
and the life of the tubes. A satisfactory efficiency 
could only be achieved with a pressure of L mm and 
below, or by increasing the current density 
in the tubes ten times. Thislower pressure, however, 
led to a pronounced disintegration of the iron 
electrodes due to ionic bombardment resulting from 
the high voltage drop at the cathode in this range 
(approx. 300 volts); the life of a low-pressure neon 
tube was thus reduced to a few hours. Amelioration 
was afforded by the use of hot cathodes, which 
owing to their electronic emission reduced the 
sathode fall to a few volts and enabled the tubes 
to be run on low-tension. Modern gas-discharge 


lamps for highway lighting are also constructed 
on this principle. Compact high-power units are 
thus obtained, operating with currents of a few 
amperes instead of for instance 25 milliamps in the 


case of high-tension tubes. A selection of early and 


Table I. Dimensions and Data of a High-tension Neon Tube 
(H) and Three Low-Tension Neon Tubes (Type Nos. 4307. 
1309, 4311). 


Length Con- Gross light 


Overall Mp Tube Light x 
Tube diameter of light Mice SS output yield 
column tion lumens 
mm m amps watts lumens ROE WR 
H 13—14 2 0.025 36 320 9 
1307 | 380 10—43 1.5 3.0 500 8750 LTY 
4309 | 220 | 45—48 l 4.5 150 | 6300 14 


4311 | 220 | 16—18 0.35 | 0.95 90 1200 14 


*) The light yield of the neon column after substracting the 
losses in the input unit and at the electrodes is in this 
case 26.5 lumens per watt. 
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Vig. 5. Gloxinia, var. Kaiser Friedrich. Bulbs planted Nov. 11, 1932. Picture taken 
on April 3, 1933, i.e. one month after end of irradiation period. Left: Irradiated with neon 
light, approx. 800lux, 8hrs. nightly, until the end of February. Right: Non-irradiated plants. 


Fig. 6. Begonia gracilis luminosa. Sown November 3, 1934. 

a) Picture taken on January 2, 1935. Left: Irradiated with neon light, approx. 600 lux, 
10 p.m. to 6 a.m. nightly, from November 21. Right: Non-irradiated plants. 

b) Picture taken on April 6, 1935, the same plants as shown in (a). Left: Irradiated till 
February 15. 1935. Right: Non-irradiated plants. 

The second picture, which was taken seven weeks after the end of irradiation, shows 

very clearly the after-effects of irradiation. 
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modern types of tube are shown in fig. 7. A summary 


of the dimensions, applications and light outputs of 


these tubes is given in Table I. 


a) 
b) 


Viol. 1 No:: 7 


tension impulse which is obtained at the terminals 
of the series-connected choke on shorting the neon 
tube is utilised for this purpose. After the first 


d) 


Fig. 7. Some early high-tension neon tubes (a) and various modern low-tension neon 
tubes (b to d). The electrical and illumination characteristics of these tubes are collated 
in Table I. Tube (b) emits practically 30 times as much light as (a) with approximately 
double the light yield; the small tube (d) gives almost four times the light obtained from (a). 


The hot cathode is that component of the tube 
which ultimately determines the life of the tube, 
since the emitting substance (barium-strontium 
oxide) on the heated coil is steadily consumed. 
During the burning of the lamp the cathode suffers 
practically no disintegration at all and the light 
output of the tube remains uniform. Only after 
2000 running hours does the consumption of the 
radiating substance become noticeable, the voltage- 
drop at the cathode increases, the cathode com- 
mences to be atomised, and in its neighbourhood 
a black deposit forms on the glass wall”), which 
adsorbs gas, as a result of which the cathode 
voltage-drop increases considerably until it be- 
comes impossible to run the tube off the mains 
voltage and the tube must be replaced. The long 
life of 2000 running hours of the tube is due, inter 
alia, to the fact that in front of each cathode a 
plate is located (see fig. 7) which in the positive 
phase of the alternating voltage serves as anode 
and in this way protects the heated coil from exces- 
sive heating during the anode phase. 


Circuit details and construction of plant irradiators 


The neon tubes with hot cathodes are connected 
directly to 220 or 380 volts mains supply through 
a series-connected choke coil. In contrast to high- 
tension tubes special provision must be made here 
for starting up the tube, since the running voltage 
is too low to initiate the first electric discharge 
through the low-pressure neon gas. The extra- 


5) The black deposit is always restricted to the neighbourhood 
of the cathodes; the whole tube is never covered with a 
black deposit. 


discharge has taken place adequate residual ioni- 
sation is retained in the tube for re-ignition to be 
regularly obtained with a 50-cycle A.C. on reversing 
the polarity. even with a voltage which is too low 
for initiating the first discharge. 

The circuit details of the large plant irradiators 
(types 4308, 4310 with tubes 4307, 4309) which 
have been designed for market growers, are shown 
in fig. 8. T is the heating transformer for the 


76589 


Vig. 8. Circuit details of the plant irradiator 4308 and 4310. 
The tube L is connected to the A.C. mains through a series- 
connected choking coil S. A bimetallic slow-acting relay R and 
B control signition. The cathodes K are heated through their 
own heating transformer T. 


heated coils K which are run on 2 volts and 18 amps. 
S is the series choke coil. The heating coil R and 
the bimetallic strip B constitute a slow-acting relay, 
which connects up the initially-shorted tube L only 
after the coils K have become sufficiently heated. 
The tube is thus started up automatically by the 
slow-acting relay. If the first attempt at starting 
up fails owing to the phase of the supply being 
temporarily unfavourable at the instant the relay 
operates, the starting procedure is immediately 
repeated. The condenser C connected in parallel 
with the tube facilitates re-ignition, thus reducing 
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the mains voltage required and at the same time 
suppressing radio interference. 


For 


requirements of amateur horticulturists for con- 


small-scale operations and to meet the 
servatories and indoor use, a lower-power irradiator 
(rated for 90 watts) has been designed of which 
circuit details are given in fig. 9. By omitting the 
automatic starting device the circuit has been 
much simplified, whilst it has also been found 
possible to dispense with a heating current for 
the cathodes. When the cathodes have been once 
raised to the requisite temperature at the beginning 
of the discharge, they are kept suitably hot by 
the discharge itself. By introducing a special circuit 
the series choke coil is used as a heating transformer 
for heating the cathodes at the start of the discharge: 
After connecting the irradiator to the mains the 
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Fig. 9. Circuit diagram of the small plant irradiator 4312. 
By dispensing with the automatic*ignition device the circuit 
has been much simplified; the choke coil also acts as a heating 
transformer. 


Lwo-pole switch S is pushed in, so that the choke 
the hot 
cathodes heat up. After releasing the switch the 


now acts as an auto-transformer and 
tube fires and the original circuit is re-established. 

The light-yield of this small tube is 14 lumens 
per watt (taking into consideration all losses); it 
has a life of 1000 running hours. 


Installation of irradiation units 


The neon tubes are mounted in reflectors, which 
considerably increase the efficiency of irradiation. 
These reflectors are flat and fairly small, so as not 
to take up too much space in the usually low forcing 
and greenhouses and particularly so that they do 
not cast a wide shadow during the day. The live 


ends of the tube are protected in the reflectors. 
The large irradiation units 4308 and 4310 (see 
fig. 10) are connected up through cables to a water- 
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tight cast-iron box containing the transformer, 
choking coil and relay. In the case of the small 
irradiator 4312 the input unit (choke. condenser 


Fig. 10. The large plant irradiator 4310 installed for use. 
The input unit (T. B, R, C and S in fig. 8) is enclosed in the 
watertight cast-iron box on the right, to which the tubes 
mounted in the reflector are connected by a cable. 


and switch) is incorporated with the tube in the 
radiator, thus making a very simple arrangement 
220-volt 
A.C. mains plug (fig. 11). With this unit an area 
of 10 sq. ft. can be adequately irradiated from a 


which can be directly connected to a 


distance of 20 to 24 in.; the larger irradiator 4308 
is sufficient for irradiating an area of about 100 
sq. ft. The large units are suspended above the 
plants at a height of 3 to 5 ft. When suspending 
a series of irradiators in a forcing house a space 
equal to the length of the irradiator is usually 
left between consecutive units, this arrangement 
permitting an efficient and comparatively uniform 
irradiation of the plants. 


Fig. 11. The small plant irradiator 4312. The input unit is 
here incorporated with the tube in the reflector, thus giving 
a very simple arrangement. 
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THE DISK TEST AS A RAPID METHOD FOR ESTIMATING THE 
MACHINABILITY OF STEEL 


(Continued from p. 187): Pig M B 


In the first part of this paper the general procedure 
adopted in the Taylor test and the disk test was 
discussed and the relation between these two 
methods of test analysed. In the present section 
the experiments carried: out here and the results 
arrived at are reviewed. - 


‘General Experimental Details 


~ Materials Used. To facilitate a discussion of 


the test made, full details of all types of steel used 
in these investigations are given in Table I. 

Cooling agents. In accordance with the experi- 
mental work carried out by other investigators no 
cooling agents or lubricants were used in the present 
work. Although the absence of.a cooling agent 
considerably reducés the cutting efficiency of cutting 
tools, the advantage gained is that the experiments 
are’ more closely reproducible. 

Shapes of Cutting Tools Used. In his 
experiments Brandsma employed tools with 
straight sides, and in later work adopted knife- 
edge cutters of the type already illustrated in figs. 1 
and 3. The shape of these tools is shown more 
clearly in figs. 6 and 7. In fig. 6 the sizes of all 
angles are given. It is seen from the last but one 
column in Table I that the cutting angle was not 
taken the same for all steels; in fact the most 
suitable angle for each particular steel was selected. 
The only difference between the cutting tools used 
in the disk tests (see figs. 3 and 7) and those used 


in the Taylor tests (see fig. 1) was, that in the 
former the back of the tool was ground down so 


. that the cutting edge alone was in contact with the 


test disk. The cutting properties of the steels are 
probably very little influenced by this modification. 
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Fig. 6. Cutting tool (cutter angle 90 deg.) with horizontal - 
edge. a = Cutting angle. f = Principal angle of clearance. 
e = Secondary cutter angle. y = Secondary angle of clear- 
ance. b = Blunting width. d = Depth of cut. a = Width 
of cut. The various cutting angles used for the different 
types of steel are given in Table I. With all steels, a, B and p 


were each equal to 30° and b was 0:5 mm. 


Table I. Survey of all the steels investigated. 


than Fe 


Phosphorus 
Sulphur 
Vanadium 


Carbon Steel I 
. Carbon Steel IT 

Carbon Steel III 
Chromium steel 
Nickel-chromium steel I 
Nickel-chromium steel IT 
Nickel-chromium steel ITI 
Tool steel I . 

Tool steel II . 


w-oooooooo 
Doe wwe m Be OS 
MoS (NOUO UC 


| 


Cobalt high-speed steel | 0.7 |<0.35 
Vanadium high-speed steel| 1.2 


Approx. percentage composition of components other 


Chromium 


AAAAA 
occeooooo 
NOAD A conc 


A 


State in which used 


Manganese 
Cobalt 
Nickel 
Angle of cut 

Brinnell 
hardness 
(10/3000/30) 


Molybdenum 
. Tungsten 


Forged ` 
“Normalised” 
“Normalised” 
Soft annealed 
Soft annealed 
Heat-refined 
Soft-annealed 
Soft-annealed 
Soft-annealed . 


— | 20 |Hardened and twice annealed 
— | — 10.7 | 15 |Hardened as delivered 
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Lathes Used. The first disk tests were carried 


out on a lathe with a maximum speed of 600 r.p.m. 


Fig. 7. View of lathe as used for carrying out a disk test. 


and driven by a 4 h.p. motor. Subsequently these 
tests were carried out on the same lathe as used 
for the Taylor tests. This lathe had a maximum 
speed of 1500 r.p.m. and was driven by a variable- 
speed 7.5 h.p. D.C. motor. The cutting speed was 
kept as constant as possible during the tests with 


the aid of a tachometer. 


Disk Test for Examining the Heat Treatment of 
High-Speed Steels 


The high-cobalt high-speed steel shown in Table I 
was used in these tests, and tools ground from square 
bars of 12-mm side. After annealing, the tools were 
reheated once or twice. Very important factors in 
heat treatment are the annealing temperature, the 
rate of cooling and the number of times re-heating 
is applied. 

In investigating the influence of these factors, 

all cutters were tested on disks of a very homo- 
geneous and pure plain carbon steel which, apart 
from a somewhat higher manganese content, was 
similar to carbon steel II shown in Table I. The 
width of cut was 0.125 mm and the depth of cut 
1.0 mm in all cases. 
Effect of the Annealing Temperature. In 
those experiments designed to establish the influence 
of the annealing temperature, all tools were reheated 
twice. This characteristic twofold reheating with 
intermediate cooling is particularly recommended 
for high-cobalt high-speed steels in order to obtain 
a high hardness value (cf. Table II). 

The results obtained in disk tests carried out 
on two cutting tools to estimate the effect of the 


8) W. F. Brandsma, Metaalbewerking 2, 541, 1936. 
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Table II. Maximum cutting speed in disk test (vn in m per 
min) in relation to the annealing temperature of the cutting 
tool in deg. C. 


Annealing v Um after | Average value 
temperature m re-grinding of Um 
1280 220 211 = 
211 221 P 
1300 224 22: , 
227 22: cii 
39 996 94: 
1320 225 243 239 
225 234 F 
1340 244 258 "e 
9 9 247 
241 246 


annealing temperature are given in Table IT, which 
shows, firstly, that the tests are satisfactorily 
reproducible and, secondly, that the maximum 
cutting speed v, is the greater the higher the 
temperature of annealing. 

Influence of the Number of Re-Heatings. 
The results of tests performed to examine this 
question are collated in Table ITI, which also gives 
the corresponding “Rockwell hardness on the 
H: It that 


twofold annealing results in an improvement only 


C-scale" in column should be noted 
at the higher annealing temperatures, whilst on the 
other hand a third annealing process has a marked 
adverse effect on the cutting properties of the steels. 

It may be quite definitely concluded from the 
table that the 


unreliable measure of the cutting properties of a 


hardness is in many cases an 
steel. On twofold annealing a greater hardness 
corresponds to better cutting properties as measured 
in the disk test, in other words a greater hardness 
On 


comparing the steels which have been annealed 


is equivalent to a higher cutting speed v,,. 


twice and three times, it should follow from the 
hardness values that treble annealing would be 
more advantageous, although disk tests show that 
the cutting properties of the steel are then less 
satisfactory than after a single annealing process. 

Effect of the Rate of Cooling in Annealing. 


In the case of high-cobalt high-speed steels very 


Table III. Rockwell hardness on scale € (H), and maximum 
cutting speed in the disk test (v,, in m per min) in relation 
to the annealing temperature in deg. C on reheating 1 to 
3 times. 


Bb. After no After After After 

- ES E reheating reheating reheating reheating 
gah S SU 
2 g5 once twice three times 
aos 

<7 H H d. H Um H Us 
1280 60 63.5 | 211 | 62.5 | 209 | 62.5 | 182 
1300 55.5 61 221 | 64 217 | 63 185 
1320 52.5 60.5 | 214 | 65 220 | 63.5 | 190 
1340 51 59.5 241 | 65.5 | 230 


218 | 66 
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` rapid cooling is not desirable in view of the risk 
of hardness cracks appearing and of the premature 


crumbling of.the cutting edge on the lathe. The . 


effect of cooling was studied by cooling in compressed 
‘air, Slower, cooling in the fairly quiescent hot air 
of a furnace and still slower cooling in a very highly- 
insulating kieselguhr. As it was intended to detect 
particularly any brittleness developing, a groove 
13 mm wide was cut radially i in the disk in such a 
manner, that the cutting was interrupted once during 
‘each revolution. The results of these experiments 
are given in Table IV, where it is shown that the 


Table IV. Rockwell hardness on scale C (H), and maximum’ 


cutting ‘speed in the disk test (v,, in m per min) in relation 
to the annealing temperature in deg. C. and the rate of cooling 
` during annealing. 


tp 

BÉ. : . Aver- 
T A ioa Rate of age 
E g E Cooling in cooling ind value 

EE | | grind-| of, 
ing | ™ 

1300 | Compressed air | Fairly ‘slow |} 63.5] *) | 214 | 214 

` Furnace Slow 64 ,199; 200 | 200 
Kieselguhr | Very slow |60.5| 185 | 185 | 185 

1320 Compressed air | Fairly slow 64.5 223 | 237 | 230 
Furnace Slow 63.5| 220 | 207 | 213 
Kieselguhr Very slow i 62 |196| 199 | 197 

"URN MUN UE j 

"1340 | Furnace i Slow . 4,64 |226| 220 | 223 
Kieselguhr | Very slow | 63.5 217| 157 | 187 


*) Gradually became useless. 


cutting ability increases with the rate of cooling 
and that it is barely affected by periodic interrup- 
tion. Whether the brittleness can be evaluated in 
‘this way, therefore appears very doubtful, although 
some information-on this point was furnished by 
a number of works tests and a metallographic 
examination of the structure. On the basis of these 
experiments and the resulte ‘of the disk tests de- 


? ` 
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scribed above, the optimum heat treatment required 
for the steels was established. 


Disk Test for Testing and Classifying Steels according 
to their Machinability °) 

To determine whether the results obtained in 
disk tests are in concordance with those found by 


the Taylor test, a large number of experiments 
were carried out with the first nine steels enumerated 


. in Table I. In these tests those cutting tools were 


used which had been found best suited for both 
‘the Taylor and disk tests, i.e. the exact instant 
at which the edge crumbled could be readily 
observed in each case, this not being always the 
case with other forms of cutting tools. All steels 
used in the investigation described below were 
made from high-speed vanadium steel (delivered 
hardened) given in Table I. l 

In both the Taylor and the disk tests the depth 
of cut d and the width of cut a were 1.00 and 0.26 
mm respectively. With each of the steels studied, 
the-material for both the Taylor and the disk. 
tests was taken from the same bar; only with tool l 
steel II was this not possible as the available bar . 
diameter for carrying out the disk test was too 
small. But disks of sufficiently large diameter were 
available. The diameter D, of the hole in the disc 
was again 50 mm in all tests. 

In all Taylor tests, always the same three cutting 
' tools were used in a continuous series of measurements 


` for plotting the complete v- T curve with all types 


‘of steel!?), so that the final results given below 


?) J. R. J. van Dongen and J. G. C. Stegwee, Metaal- 
bewerking 3, 1 and 49, 1936. Special attention is called 
to the second part of this paper, which gives a compre- 
hensive summary of all quantitative measurements. 

19) In other words, after plotting one point of the v-T curve 
the worn cutting tool was reground before plotting the 
next point, and after the whole v-T curve had been plotted 
the same process was' repeated with each of the other two 
tools. 


60 
10 
He 


BEAR 


carbon steel Becr 


— steel 


Fig. 8: Results of Taylor tests with various types of steel. For aaah steal the durability 
periods T for several different cutting speeds v were determined and plotted i in a double- 


_ series of tests. . 
The results obtained in the Taylor tests are 
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may be regarded as the averages of three complete 
sets of tests. Three different tools were similarly 
used in the disk tests and with each tool the N-v,, 
curves for all the steels were plotted. Here again 
the final result given is a meari of three complete 


shown graphically in fig. 8 and those in the disk 
tests in fig.9. The principal values derived from 
the two graphs being a comparison between the 
two tests are collated.in Table V.^ 

In addition, the cutting speed vj corresponding 


Table V. Results of Taylor and. disk tests (v, in m per 
min) in relation to the cutting speed. i ` 


Disk 


Taylor tests. tests 


KIGA 


: Material 


| vo | v, 109) 


Chromium steel 282 
Carbon steel I f 243 
Carbon steel IT 7 325 
Nickel-chromium steel I 61 167 
Carbon steel III 54 112 
Nickel-chromium steel ITI 34 83 
Nickel-chromium steel II 33 64 
Tool steel I 32 62 
Tool steel II 20.5 33.5 


*) The values of C and v} are in agreement, although the 
dimensions of these magnitudes are different. 


carbon steel T 
carbon steel IT. . 


A 
VAA 
/ nickel-chromium steel [I 


Za nickel-chromium steel If 


>N (amw/min) 16036 


Fig. 9. Results of disk tests with various types of steel, For 
each steel the cutting speed v, at the instant of collapse 
of the tool was determined for different lathe-speéds. ` 
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to a durability of 30 min. was calculated from the 
results of the disk tests, using equation (5). In this 


‘ugo calculated 


vgy measured 


Fig. 5. Calculated values of v4, plotted against measured 


values. 


calculation n was obtained directly from the 
results of Taylor tests, since the lathe speed N 
in the disk tests was altered by too small an amount 
for each type of steel to allow n to be calculated 
therefrom with sufficient accuracy. The values of 
V3, calculated from equation (5) are collated in 
Table VI and fig. 5 together with those of v5) (see 


Table VI. Survey of values of vay. as measured in Taylor: ` 


. tests and as calculated from disk tests (both in m per min). 


vag calculated 
from disk tests 


Material vgg measured in 
. Taylor tests 


115 116 


Chromium-steel 

Carbon steel I'. 107 . 115 
Carbon steel IT 87 79 
Nickel-chromium steel I 68 59 
Carbon steel II . 51 60.5 
Nickel-chromium steel III 37 40 
Nickel-chromium steel IT 35 31 
Tool steel I 34. 38 


+ 


Tool steel II 22 21 


* 


also table V) read from fig. 8. The agreement is 
seen to be very satisfactory. The greatest difference 
between the calculated and the measured values 


is 13 per cent, the average difference being only 


7 per cent, which is not very serious when it is 
remembered that in Taylor tests ihe values of 
Vv cannot be determined with an accuracy’ greater 
than about 5 per cent. l 
As regards the possible routine testing of struc- 
tural steels for their workability and machinability, 
it must be remembered that in the present article 
only the turning of small-sectional chips has been 
discussed ‘and no reference has been made to rough 


turning, boring, planing, milling and grinding, etc. - 


In practice it is essential to study these methods 
of working too. Since for round bars turning is the 
most common and most important operation, it 


E 


204 


should be possible to obtain satisfactory data of 
the machinability of various materials with the 
disk test by employing widely-different sections 
of chips. — : 


GEN - > BRINELL HARDNESS 
10/3000/30 


du STEEL 
CARBON STEELI 
CARBON STEELIT 
NICKEL-CHROMIUM STEELT 
CARBON STEELIT 
MICKEL-CHROMIUM STEEL IIT 
HICKFL -CHROMIUM STEELIT 


. TOOL STEEL T 


TOOL STEEL I 


d 


. Fig. 10. Various criteria of machinability compared for a 
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‘curacy and over a wider range. That an investi- 
gation over theselinesis worth while is evident froin 
a consideration of the advantages which the disk 
test offers over the Taylor test. It is sufficient to 


aeg (m/min) mum V3) MEASURED (TAYLOR TEST} 


: C ~V30 CALCULATED (DISK TEST) 
100 . 200 300 0 50 D 


frim) 


00 


number of different steels: The 


Brinell hardness (10/3000/30), the maximum speed v,, measured in the disk test, tlie 
value.of vz calculated from the disk test, and the value of v3) measured in the Taylor 
test. It is seen that the two latter are in very good agreement. The Taylor test gives 
decidedly the most direct measure of the machinability. The results of the disk test, either 
recalculated or not, i.e. vgp(cal.) or v, lead to the same conclusion. On the other hand 
the Brinell hardness would lead to an entirely wrong conclusion. 


Yet, before the disk test can be adapted to a 
routine test, much additional research has still to 
be carried out and in particular the relation 
between the Taylor test and the disk test should 
be investigated experimentally with’ greater ac- 


11) These figures give in order the diameter of the ball in mm, 


the pressure in kg and the time in seconds employed in, 


measuring the hardness with the Brinnell apparatus. 


` 


indicate but a few here and to emphasize the marked 
potential importance of the disk test. for routine 
daily tests: practically every lathe can be readily 
adapted for carrying out the disk test; there is 
also less danger of the cutting tool crumbling 
owing to slag inclusions; the duration of a test is 
short and moreover little material is required. 
Compiled by P. CLAUSING. 
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AUTOMATIC STARTING RESISTANCES | 


- ' ` (“STARTO” TUBES) 


By P. C: VAN DER WILLIGEN. 


Summary. The starting impulse obtained with many electrical consumers can be weduted 


or suppressed altogether by series connection of-a resistance 


with a negative 


temperature coefficient (high resistance when cold and low resistance when hot). This 
principle has been employed, in the “Starto” starting tubes. The construction and 
characteristics of these tubes are described in this article, and their application to typical 
cases, such as for starting motors, for the gradual switching-on of lighting circuits, and ` 
for delayed circuit closing, etc., arè discussed by reference to concrete examples. 


Introduction i z- 


' On'switching on large electrical machinery heavy 
current impulses are frequently obtained, which are 
due to the fact that the working current absorbed 
by a motor is not limited by the resistance of the 
armature windings, but by the reverse voltage 
induced in the rotor. At the instant the motor is 


switched on, no counter-voltage is produced if the ` 


rotor does not immediately start to move; in this 
case the current may become several times greater 
than the normal working current. It thus usually 
becomes necessary to protect the armature windings 
against overheating when starting. . 

A starting rheostat is generally connected in 


series to the windings to prevent this overheating, 


this resistance being gradually reduced either by 
hand or automatically as the speed of the motor 
increases to its normal value during the starting 
period. At the outset the resistance must have a 
high value which gradually drops to a. low end 
value. This type of resistance variation is found 
in semi-conductors (metalloids, metallic compounds, 
etc.) whose electrical resistance has a negative 


temperature coefficient, in other words the electrical: 


resistance decreases as the temperature rises. When 
a’semi-conductor of this type is connected in series 


with the consumer, the starting current is limited- 
by its resistance when cold. During starting, the | 


temperature of the resistance is raised by the 


passage of current and the resistance value thus 


gradually drops to a much lower final value. 

The starting tubes which Philips are marketing 
under the name of "Starto" tubes have been 
evolved on this principle; they can be used in all 
cases where it is desirable to procure a gradual 
increase in the current. 

Before passing to a detailed description of the 
construction and characteristics of these, starting 
tubes it should be pointed out that these tubes 
are the exact opposites of the hydrogen-filled iron- 


flament resistors MEE are used as regulators. 


4 


25) For i 


In the latter, technical use is made of the pro- 
nounced positive temperature coefficient of the 
resistancé of thé iron; with a change in the voltage 
applied to the resistor the current passing may 
remain constant in certain circumstances !), cf. 
fig. 1, curve A. On the other hand _the operation 


- Amp 
5 


15 20 V 
16598 


[ 5 10 


Fig. 1. Current-voltage “characteristics: A - Iron filament 
resistor (Philips 1913). B - Starting tube ("Starto", 2-A type). 
The resistance of the first has a positive temperature 
coefficient and that of the second a negative coefficient. 
Each point on the curves corresponds to a condition of 
equilibrium. : 


of the starting resistances depends on the marked 
negative temperature coefficient of the resistance 
(a specific semi-conductor), 
voltage characteristic there is a rangé in which 
the voltage-drop across the terminals of the tube 
remains practically constant, when the current is 
altered ?), cf. curve B in fig. 1. The two character- 
istics A and B are seen to be perpendicular t. 
each other. As we shall see below, this property is 
not employed in the starting tubes during starting, 


and in the current- 


1) For if the’ current F/R tends to increase as a 
result of an increased voltage E,. the temperature rise 
occurring at the same time causes an increase in the 
resistance R, so that E/R remains practically constant, 
at least over a certain part of the characteristic. 


if the voltage-drop IR tends to increase owing 
to a greater current f, the resistance R is reduced as a 
result of the temperature rise occurring at the same time, 
so that IR remains practically constant, at least over a 
certain part of the characteristic. 


206 


the operation of these tubes being in fact based on 
their inertia due to their marked thermal capacity. 


Construction *) and characteristics 


In *Starto" tubes, the semi-conductor used is 
a mixture of silicon and a ceramic binder. The 
resistance of silicon itself does not possess a pro- 
nounced negative temperature coefficient, but on 
“diluting” with a suitable binder this coefficient 
is considerably increased to give a very marked 
difference between the resistance when cold and 
when hot. 
that these 
the addition of a small quantity of ceramic 


A favorable circumstance is the fact, 


considerable differences appear with 


material (for instance 25 per cent). 


The resistance material is used in the form of 


a rod enclosed in a glass tube filled with argon. 


Fig. 2. “Starto”? starting tubes for small currents. l-amp. 

3-amp and 6-amp types (the tubes shown here are all intended 

for 220 volts; tubes for 125 and 380 volts are also made). 

3) Assistance in the construction of the tubes described here 
was given by Messrs. Ploos van Amstel and 
De Schrevel. 
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The argon filling is required because the silicon of 
the rod reacts with oxygen and nitrogen. 

To ensure that the characteristics of the starting 
resistance remain unchanged during service, the 
resistance material must not become too hot, i.e. it 
must not exceed a specific maximum in the end stage 
reached after starting up the current. Figs. 2 and 3 
“Starto” 


maximum permissible currents from 1 to 100 amps. 


illustrate tubes designed for different 
On full load the rod is raised to red heat and its 
temperature is then in the neighbourhood of 
800 deg. C. With an overload there is the risk of 
altering the characteristics of the rod, which may 
even melt. 


Characteristic Curves 


The lower half of fig. 4 gives the current-resistance 
characteristic for starting tubes designed for 220 
volts and 1.3 amp (fig. 2) and the upper half the 


G= snp) 


. n 
96 = à 300 


16817 


Fig. 4. Current-resistance characteristics of 220 volt starting 
tubes shown in fig-s 2 and 3. The ordinate (resistance in ohms) 
has been divided logarithmically in view of the large difference 
between the resistance when cold and when hot. Each curve 
is drawn up to the point of the maximum permissible working 
current for each tube. 


i 


iie 
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"ig. 3. “Starto” starting tubes for higher currents: A (17 amps), B (25 amps), C (35 amps), 


Fig. 3 
D (55 amps) and E (100 amps). 
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corresponding curve for tubes designed for 220 
‘volts and 17, 25, 35, 55 and 100 amps (fig. 3), 
denoted by the letters 4 to E. In both diagrams 
the ordinates have been divided logarithmically 
in view of the marked difference between the 
resistances when cold and when hot. Each curve 
has been drawn up to the point corresponding to 
the maximum permissible working current. -Tubes 
A to E are manufactured for circuit voltages of 
125, 220 and 380 volts; the only difference between 


an A 125 and an A 220 tube is in a the Tengi of- 


' the resistance material. 
It follows from fig. 4 that the final resistance will 
be the smaller, the greater the current for which 


the starting tube is designed. Table I gives these. 


final resistances for tubes 4 220 to E 220. 


Table I. 


Voltage 
absorbed 
in volts 


Resistance 
in ohms 


Max. current 
in amps. 


20 
18 
17 
15 
14 


As may be seen, the voltage consumption in all 
types of tubes is about 12 volts, i.e. 5 per cent of 
the mains voltage. In the 125-volt tubes the average 
consumption is 8 per cent, and in the 380-volt tubes 
approximately 4 per cent 4). 

The resistances when cold are in the neighbour- 
hood of 100 ohms with type 44 220 and of 15 ohms 
with type E 220; these values have been chosen 
such that the ‘current on applying the full mains 
voltage is roughly 1/ of the maximum permissible 
current through the tube. By taking a suitable 
composition of resistance material the. resistance 
when cold R, can, however be altered within wide 


limits. Thus, a 3-amp tube can. be made with a` 


final resistance of 4 ohms and with R, = 200 ohms, 
and also a tube for the same current rating with a 
final resistance of 5 ohms and with R, = 2000 ohms?). 


From the current-resistance characteristic the 


current-voltage characteristic can readily be de- 


l 1) In addition to the mains voltage R, and the maximum 
permissible current, the resistance when cold is also marked 
on the glass bulb of the starting tube, e.g. 220 volts, 
100 ohms/17 amps. x 


5) A rod of a semi-conductor served here as an incandescent 
body. As long as'the rod absorbed little current, heating 


# ` 


was furnished, immediately after switching on, by a’ 


resistance wire which is automatically cut out as soon 


as the rod becomes hot enough to ensure sufficient 


current to heat itself, 
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‘duced, being of the type given in. fig. 1 for the 


The resistance 
varies almost in the inverse ratio of the current 
intensity over a very wide range of current values, 
so that in this range, as already indicated at the 
outset, the voltage consumed by the tube remains 
practically constant. With lower currents it is 
fairly difficult to trace the exact path of the curve; 
this is, however, of little i importance since the points 
of this curve in fact relate only to equilibrium 
In practice an equilibrium is only 
reached when the current attains its final value, 
whilst during the starting period the resistance lags 
considerably behind the current owing to its marked 
inertia. As a result the voltage applied to the starting 
tube during starting (ie. at low and increasing 
current intensities) is high and then drops to the 


3-amp starting tube (curve B). 


conditions. 


final value of 10 volts as given in the characteristic 


curve. 
Starting Time 


The duration of the starting period, i.e. d time 
clapsing from the moment the switch is closed 
until the current reaches: its maximum’ value, is 
determined by the time taken for an equilibrium 
to be reached between the heat supplied and the 
heat dissipated. The heat input is governed by the 
mains voltage, the resistance of the starting tube 
when cold R, and thé magnitude of the resistance 
in series with the starting tube. The heat dissipated 
depends on the shape and size of the tube. A con- 
sideration of the construction of the tube indicates ` 
that the starting time increases, the greater the : 
resistance R, when cold (small heat input) and 
the greater the mass and surface area of the starting 
resistance, (slow temperature increase owing to 
greater thermal capacity and rapid dissipation of ` 
heat resulting from a larger surface). With a 


‘particular starting tube a variety of starting times 


can be obtained, depénding on the mains voltage 
With 
a specific low mains voltage (or a sufficiently high 
series resistance) the energy input of the starting 
tube can be made so small that an equilibrium 
between the heat input.and the heat dissipated 
is already attained with a temperature increase 
of 30 to 40 deg. No starting is then obtained and 
the current retains its small initial value. Proper 
starting can still be achieved in this case by heating 
the starting resistance from an external source, e.g. 


and the value of the resistance in series. 


‘with a resistance wire wound round the starting 


rod and connected in parallel with it (see also 
below, fig. 9). If the tube has been once heated 


up, then the current intensity and hence also the 
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heat input of the tube is so much higher that, at 
a certain temperature at which the tube is at red 
heat, a second equilibrium between heat input and 
the excessive dissipation of heat is reached. 

In nearly all applications of the starting tubes, 
the resistance of the series-connected consumer does 
not remain constant but steadily increases. When 
selecting a starting tube for a particular purpose, 
this point must also be considered in addition to 
those already referred to. 


Cooling: -Period z 


The iron-filament resistor, which we have indi- 
cated as the opposite of the starting tube, is em- 
ployed as a regulator in order to obtain a con- 
stant current in spite of a fluctuating voltage. 
` The horizontal part of curve A in fig. 1 is therefore 

employed. A certain inertia in the resistor due to 

the time required for the temperature to change 
is, however, undesirable. The starting tube, when 
employed to suppress a current impulse on starting 
up, behaves in an exactly opposite manner. The 
use of this tube depends on the fact that the in- 
crease in temperature occupies a certain finite 
period of time; owing to the large mass of the 
resistance material the tube has a fairly high 
thermal capacity and hence exhibits a certain 
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Fig. 5. Cooling curves for different types of starting tubes. 
The resistance in ohms is plotted as a function of the time 
in minutes when the tube is switched off at time 0. An arrow 
on each curve indicates when the corresponding tube has 
again reached ?/, of its resistance when cold, It is observed 


that the cooling time increases with the size of the starting 


tube. 
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` inertia. On-the other hand, the imertia’ necessitates 


a certain period of cooling after the tube has been 
switched off, before it is ready to work properly on 
the next starting up. In most cases it is desirable 
for the resistance to again reach ?/, of its value 
when cold 5). PFg.5 gives the cooling curves for 
the various types of tube illustrated in figs. 2 and 3. 
The cooling time is indicated in each case by a 


. small arrow. It is seen that the cooling period is 
‘the longer the greater the starting tube. 


That the “Starto” starting tubes operate at a 
high temperature is an advantage as regards rapid | 
cooling. For at red heat radiation contributes 
appreciably more torapid cooling, whilst in a lower 
temperature range cooling is due largely to con- 
vection and thus takes place much more slowly. 


Applications of Starting Tubes 


The use of starting resistances for reducing or 
preventing current impulses when switching on 
motors, lighting circuits, transformers, condensers, 
etc., offers several important advantages as com- 
pared with ordinary sliding resistances or switches. 
These starting resistances are fully-automatic in 
operation and contain no moving parts or sliding 
contacts which can seize. A feature of starting tubes 
is therefore their long life; type 3-A retains its 
initial characteristies when continuously loaded for 
more than 10 000 hours and when used 100 000 
times to start a 1.3-h.p. motor. The saving in weight 
and space with starting tubes is also considerable; 
the 3-A tubes weighs only 15 gr, and the maximum 
overall dimensions are 2.5 x 6 cm; the corre- 
sponding data for the 100-A type are 700 ér and 
9 x 25 cm. 

In many cases where a consumer has hitherto 
been switched straight across the line because the 
expense of an intermediate starter was not war- 
ranted, a starting tube can now be used to 
advantage. Slow starting is also an advantage 
with impulses having a low absolute value, since for 
instance less maintenance is required by the motor 
commutators and current impulses in the mains 
as well the blowing of fuses are also avoided. 


Starting of Motors 


The resistance rod in each tube can only carry 
a limited amount of power without overheating, 
so that for each tube a maximum current rating 


“is prescribed for continuous duty. But if the initial 


resistance of the current consumer is very’ much 
smaller than its final resistance, as is the case for 


8) On starting motors, in most'cases a smaller increase is 
sufficient. 
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instance with large motors, the heat generated in the 
starting tube will be too great if the latter has been 
selected on the basis of the maximum permissible 
current intensity marked on it; the heating up of 
the tube is then no longer uniform and local over- 
heating may occur. To prevent this it is safest to 
select for a motor of specific current rating a 
starting tube rated for approximately double the 
maximum current"). 


Example: A 3 h.p., 125 volts D.C. shunt-wound motor 
-absorbs 12 amps on a 30 per cent load. A starting tube B 125 
(i.c. with 25 amps maximum current) is suitable for starting 
this motor on no load; the impulse on starting is found to 
be 19 amps). When the motor has started and the starting 
tube is hot, the current may be increased in continuous 
duty to 25 amps above this level and for short periods even 
up to 50 per cent above. This temporary permissible overload 
of 50 per cent when hot applies in fact to all tubes. 


It is evident that a fully-automatic series 
resistance cannot be used where speed control 
must also be provided for (as with certain D.C. 
motors). In other cases a consumer has to be 
‘switched on again immediately . after being cut 
off. The difficulty of the higher starting impulse 
.then occurring, can be met by shorting the starting 
tube after starting. The tube is then usually given 
sufficient time to cool, apart from the fact that 
the watt losses of the tube are eliminated. Shorting 
can be effected either by means of an ordinary switch 


Amp 


20 séc 

: 16591. 
Fig. 6. Oscillogram of current on switching on a single-phase 
A.C, commutator motor, 220 volts, with a current consumption 
of 1.3 amps. A:.straight across line, the starting impulse 
being 500 per cent of the working current. B: with “Starto” 
starting tube, 3-amp type, which reduced the starting impulse 
to 130 per cent of the normal working current. C with the 
same starting tube, switching on immediately after the motor 
has stopped (i.e. 7 sec. after switching off, thus representing 
the most unfavourable case), the impulse being 340 per cent 
of the normal current. i 
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7) Thus the'starting tube A (maximum permissible current 
in continuous duty 17 amps) can be used-for starting a 
small motor which on full load takes 9 amps, and for a 
larger motor which on no-load takes 9 amps. 


3) The resistance when hot of the tube B 125 is about 0.9 ohm. 
If in place of the starting tube an ordinary resistance 
wire of 0.9 ohm is connected in series with the rotor the 
starting impulse will be 60 amps, i.e. three times greater. 
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or automatically by an electromagnetic relay. With 
the smaller starting tubes the watt consumption 
is frequently so small that it-does not pay to short 
the tube to save the losses sustained. , 

The example shown in fig. 6 indicates the magni- 
tude of the starting impulses, which must be 
reckoned with on immediately reclosing a circuit. 


Slow Switching-On of Lighting Circuits 


The starting impulses on closing glowlamp cir- 
cuits can be suppressed with the starting tube in 
the same way as these tubes can be used with 
motors. In many cases it is desirable for the lamps 
to light up gradually, e.g. in cinemas, theatres, 
etc. The starting tube can also perform this duty, 
and where a comparatively long lighting-up period 
is necessary a tube can be selected with a maximum 
permissible current rating equal to double. the 
working current of the lighting circuit (or even 


higher), in the same way ’as with large motors. . 


Example:: Six glowlamps with a total consumption of, 


900 watts are connected to the 220-volts mains. The normal 
current is therefore 4 amps. If the lamps are to burn very 
weakly immediately after switching on, the initial current 
must be approximately half the normal, ie. 2 amps. The 
resistance on switching on must therefore be 110 ohms. 
The six lamps in parallel have an initial resistance of approx. 
12 ohms, so that the resistance when cold of the starting tube 
required must be approx. 100 ohms. These requirements arc 
met by the A 220 tube, which also has a suitable maximum 
permissible current rating. The current-time diagram in fig. 7 
indicates that the current increases from 50 to 90 per cent 


of its final value in.15 sec, a period giving évery comfort’ 


to the eye. 


Amp 
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. Fig. 7. Increase of current in a lighting circuit with-a series- 


connected A 220 starting tube. The tube has been so selected 
(resistance when cold), that the initial current, 2 amps, 
is 50 per cent of the working current. After 15sec. the current 
has attained 90 per cent of its final value. This gradual lighting- 
up of the lamps is soothing to the eyes. SUE 


Delayed and Graduated Starting 


As demonstrated particularly by the last example 


above, these starting tubes can also take the place ` 


of bimetallic switches for the delayed closing of 
electric circuits, e.g. anode circuits in rectifiers, 
amplifiers, relays, etc. The required time delay can 
be provided by suitable choice of the resistance 
when cold of the starting tube, and a current-time 


i 
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curve of the type shown in fig. 8 can be readily” resistance. In this way a great variety of currents 


obtained.: 
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Fig. 8. Current increase with a starting tube serving as a 
“delay switch". This application of these tubes is chiefly 


suitable for switching on main feeder circuits by means of ` 


an electromagnetic relay: The auxiliary ¢urrent through the 
relay is allowed to increase slowly by means of the starting tube 
connected in front of it, and only at point a, i.e. after 
a-full minute, does it reach the necessary intensity to attract 
the clectro-magnet. This offers the advantage that small 
types of starting tubes can. still be used for heavy, mains 
curient (short cooling period). 


5 


If a specific starting current is needed, which 
. after a definite number of minutes shall be increased, 


.say fourfold, a starting tube of special design can - 


be selected in which a resistance wire is connected 
in parallel to the starting resistance (fig. 9). The 
time delay in this case is determined by the resist- 
ance when cold of the starting rod and the heat 
furnished by the current flowing through the parallel 


ri 


and time delays can be obtained. 


Fig. 9. Special typé of starting tube for graduated starting. 
The glass bulb of the tube contains, in addition to thestarting 
rod l, also a resistance wire 2 which is connected in parallel 
to the rod. By this means a specific initial current is obtained 
at the consumer 3. Thé resistance when cold of rod 1 is so 
high that the rod cannot heat up of its own accord. The rod 
is gradually heated by the heat generated in coil 2; after a 
specific period, however, it. heats up rapidly, so that the current. 
jn 3 increases to its final value. 


'The above considerations and examples will, 
be’ sufficient to indicate that the new starting tubes 
possess characteristics which make them eminently 
suitable for many applications in electrical tech- 
nology. | 
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. THE SOUND- RECORDING CUTTER IN THE PHILIPS-MILLER SYSTEM . 


By A. CRAMWINCKEL. 


. : f 


Summary. From a consideration of the requirements which the cutter used for sound 
recording in the Philips-Miller system has to fulfil, some dimensions are deduced 
for the cutter and a suitable material for it is mentioned. A brief description is also given 
of investigations on the durability of the cutter for sound-track recording on the 


“Philimil” strip. 


' The principlés underlying the Philips-Miller 


method of sound recording and in particular the. 


of the sound- 
recording system have been discussed in detail 


construction and characteristics 


in two previous articles in this Review? ?). Sound is 
„recorded by mechanical means by a vibrating | 


wedge-shaped cutter S (fig. 1), cutting a trans- 


15848 


Fig. 1. The wedge-shaped cutter and the *-Philimil" strip 


i used for sound recording in the Philips-Miller system. The 


“Magnification” obtained i in the recording of the sound track 
is 2 Ab/Ah = 2lan a3 


parent sound-modulated groove in a “Philimil” film 
strip. This strip is built up of a celluloid base C 
(similar. to a photographic film), on which are laid 
a transparent layer of gelatin G (about 60 p thick) 
and a very thin opaque coating D (about 3 u 
thick). A transparent track on an opaque back- 
ground i is produced by the removal of the opaqué: 
coating along the groove made by the cutter. 
' The cutter being shaped like a blunt wedge, 
small cutter amplitudes 4h are converted to 
magnified variations in the width 24b of the 
engraved track. It is just this magnification which 


"has enabled the advantages of mechanical regis- ` 


tration of - the vibrations of a linear-amplitude 
system 1) to be utilised. " ; 


In this article an outline will be given of the. 


which have been carried out 
regarding the shape of the cutting unit and of the 


investigations 


1) R. Vermeulen, Philips techn, Rev. 1, 107, 1936. 
2) A. Th. v. Urk, Philips techn. Rev. 1, 135, 1936. 


results which have been obtained in this direction. 
The cutter has to meet the following requirements: 
1) It must magnify the vibrations of the reed of. 
the sound recorder 40 times 3) and register 

. them on the film without distortion; even up 


‘to the highest audio-frequencies with the . 


maximum amplitudes which may occur in the 

vibrations to be registered. 

2) It must be so stable that during recording no 
wear takes place that ‘iis likely to have an adverse 
effect on the quality of the sound reproduced. 

The first requirement determines the dimensions 
of the cutter. Fig.l shows that the amplitude. 

x 4 b of the modulated sound track is: 


2Ab=Ah- Ziana 


The required magnification 24b/Ah= 40 gives, 
the apical angle of the cutter a = 174 deg; the 
sides of the wedge therefore make an angle of 
only 3 deg. with the surface of the strip. The small 
value of this angle naturally considerably enhances 
the' requirements which determine undistorted 
reproduction, as sregards the smoothness of the 
cutting edges," the flatness’ of the strip and the 
accuracy of the attachment of the cutter.‘) ` 
The.angle f of the cutter (see fig. 2) may vary 
within certain “limits. It must not, however, be too 
large, as the maximum gradient p which the cutter 


can inscribe on penetration is limited by the rear ` 
> slope R of the cutter, being determined by the 


relation y + B = 90 deg. The maximum amplitude 
which can be registered is proportional to the 
length of the inscribed wave, and hence for a given 
velocity of the strip it is inversely proportional 


3) As already 'stated ; in this Review? 2), the vibrations of the 
reed in a sound recorder of the type constructed here, 
amount to only a few hundredths of a mm. To obtain 
a modulated sound track with a width of 1. 8 mm, High 
magnification is therefore indispensable. 


4) To avoid distortion of the track, the plane of intersection 
of the cutter with the film must be exactly perpendicular 
to the direction of motion of the strip. A slight lateral 
displacement of the cutter axis, such that the two cutting 
edges make different angles with the plane of the film, 
is, however, not deleterious. The sound track becomes 
unsymmetrical as a result thereof, but no’ distortion 
occurs on reproduction. 
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to the frequency. Jig. 3 shows this relation for 
various cutter angles. Each sloping line gives the 


`> ' 7 ] 7 16595 
Fig. 2. Limitation of the cutter amplitude; i 
i Left p+ f < 90 deg, possible.” 
Right » + B > 90 deg, impossible. 
The maximum slope œ which the cutter can inscribe on 
penetrating the strip; is determined by the condition that 


p + B = 90 deg. 


maximum width ‘of sound: track for a specific 
cutter angle. Thus, with the cutter angle of 55 deg. 


employed in actual practice a sound with a 4000- 


cycle frequency can be inscribed with a maximum 
track width of only 1 mm (instead of 2 mm wide 
, as- would be obtained with the full amplitude of 
the cutter of 25 u. The curve also included in this 
figure represents the maximum amplitudes of the 
Various frequencies occurring in music and speech. 
This curve was -derived by Fletcher from 
measurements by Sivian, Dunn and White). 


5) L. I. Sivian, H. K. Dunn, and S. D. White, J. acoust. 
Soc. Amer., 2, 330, 1931. Da ! 
"H. Fletcher, Bell, Syst. techn. J. 10, 349, 1931.. 
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The maximum occurring at 300 cycles would here 
give the maximum amplitude of 2mm. It is seen that 
at f = 55 deg. the amplitude only becomes limited 
by the rear of the cutter above 8000 cycles. But 
even at 15000 cycles the limitation in registration 
is only 3 decibels *), so that it does not appear 
useful to make the cutter angle smaller still 
(especially as the stability and durability of the 


‘cutter increase with its apical angle). 


"The second requirement for maximum durability 
and stability of the cutter called for.the selection 
of-a suitable material; since, as we have seen, the 


‘cutter angles.are already fixed: In this: direction 
. it was first necessary to elucidate the exact causes 


responsiblé for the. wear of the cutter. ` E 
It was found that by increasing the purity of. 
the gelatin the life of the cutter could be con- 


siderably lengthened. It thus appeared ` that- the 


cutting work: done on' the gelatin was not itself 
responsible for the wear, but that the: impurities, 


. such’ as düst^particles,. etc., which. were sporadic- 


ally embedded in- the. gelatin were the primary : 
cause. f AM. : DS 

Owing to the great hardness of these particles 
the cutter must be made of a very hard material, 
whilst the extreme local concentration of stresses 
due to these particles also called for maximum 
homogeneity. The toughness of the cutter material 


9) Corresponding to a factor 1.4 in the amplitude, which 
at these high sounds cannot be detected by the car. 


1000 2000 4000 6000 10000 15000 
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Fig. 3. Graphical representation of the limitation of thé cutter amplitude a, plotted 
against the frequency v. For each of a number of cutter angles f a sloping line is drawn, 
which indicates directly the maximum width of the sound track in mm that can be . - 
obtained at each frequency. The drawn curve indicates the actual ainplitudes (widths of 
sound track) of all frequencies occurring in normal music and speech. Where a sloping 
line cuts the curve, the actual limitation of the amplitude begins at the corresponding 


cutter angle. 
` 
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appears to be only of secondary importance. Various 
types of steel with Vickers-hardness values 7) 
between 800 and 900 were not found hard enough 
at the outset; this may in fact be gathered from 
the micrograph of the sound track obtained with 
a worn steel cutter shown in fig. 4. On the other 
the 
carbides of the heavy metals, which had a much 


hand various sintered substances, such as 


16366 


Fig. 4. Micro-photograph of a sound track obtained with an 
experimental cutter made of an alloy steel, after having 
recorded a path equivalent to a sound track on 400 or 500 m 
of “Philimil” strip. The cutting edge has become very jagged 
and has acquired a large number of notches (indicated by 
the thin continuous lines and the rough edge of the sound 
track due to the retention of the coating at certain points). 
The frequency of the 150 cycles. 
Magnification 18. 


sound registered was 


greater hardness (Vickers values between 1300 to 
1800) were found to be too inhomogeneous (ef. 
the etched section in fig. 5). The material finally 
selected, viz, sapphire in single-crystal form, in- 
corporated the two requisite properties: Being of 
single-crystalline structure, it is naturally completely 
the ig. 6 


obtained with X-rays: an etched section similar 


homogeneous (cf. Laue diagram in 
to that in fig. 5 would have been useless here, as 
it would not have revealed any structural details): 
Vickers 
1850. On Mohs's scale of hardness sapphire has a 


moreover, its hardness value is approx. 


hardness 9 as compared with diamond, the hard- 


est substance known, which has a hardness of 


10 on 


instance silicon carbide with a Vickers hardness 


this scale. Between these two there is for 


7) In measuring the hardness with the Vickers apparatus, 
a diamond point in the shape of a square pyramid with 
an apical angle of 118 deg. is forced into the material 


with a given force. Compared with other methods for 
measuring hardness, the Vickers method offers the 


advantage that it can be used equally well for the softest 
and hardest materials and gives fairly accurate results. 
For research purposes the Vickers hardness scale is 
therefore always used in this Laboratory. 
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value of about 21005). This material was also 


tried as a cutter and, although it was found 


Fig. 5. Etehed section through a sintered material, magnifi- 
cation 100. The individual particles can be clearly picked 


out; these are composed of a very hard metallic carbide and 
held together by a soft tough binding medium. The material 
is evidently very inhomogeneous. 


quite suitable, it is difficult to obtain it in the 
form of large crystals. The same also applies to 


zirconium oxide, boron carbide (Vickers hard- 


ness about 2600; this material has very nearly 
the same hardness as diamond 8), and other car- 


bides, such as the metallic carbides already 


referred to, which would probably also be quite 
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Fig. 6. X-ray diagram of a sapphire single crystal (Laue 
diagram). The complete homogeneity of the single crystal is 
indicated by the sharpness and, on suitable orientation to 
the crystal axes, by the symmetrical distribution of the 


X-ray diffraction spots (cf. ‘also this Review, 1 60, 1936). 


5) A Vickers hardness value cannot be very well given for 
diamond, which in fact follows from the definition given 
in footnote ?). It would in any case be greater than 2600. 


214 PHILIPS TECHNICAL REVIEW 


suitable materials if they could be obtained in 
sufficiently large single crystals. Natural and 
synthetic sapphire reveal no appreciable difference 


in quality. Also the orientation of the cutting 
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Fig. 7a. A perfect sound track recorded by a sapphire cutter 
on first use. 


edges of the cutter with respect to the crystal 
axes does not call for special consideration with 
sapphire, in contradistinction to the other crystals 
tested, such as spinel, corundum and silicon carbide. 
Micro-photographs of a sound track obtained with 
a sapphire cutter, on first use and after recording 
a length of track corresponding to 500 m of 
"Philimil" strip, are shown in fig. 7. It is seen 
that comparatively few notches have been produced 


in the cutter edge, these not being detectable 
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Fig. 7b. Sound track obtained with the same sapphire cutter 
after performing the same amount of recording as the cutter 
shown in fig. 4. The present cutter shows much less wear 
than the steel cutter in fig. 2; the edge has not become jagged 
and only a few notches are visible (indicated by the continuous 
lines and jagged edges of the sound track). Frequency and 
magnification are the same as in fig. 4. 
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acoustically; there is, moreover, no question of any 
pronounced jaggedness of the edges (such as may 
be seen on the steel cutter in fig. 4)?). As the 
standard length of a roll of “Philimil” strip is 
300 m, the durability of the cutter is equal to 
recording the maximum sound track which can 
be obtained on a single film, and the general rule 
applies that the cutter requires changing after each 
roll of film. 

The ease with which the cutter can be fixed in 
the sound recorder and changed for a new one 


may be gathered from fig. 8. 


Fig. 8. Attachment of cutter to the armature extension of 


the sound recorder. When inserting, the cutter is pressed 
against the machined contact surfaces in the direction of 
the two arrows and is screwed tight by means of a small 
spanner (strongly magnificated). 


In designing the clamping arrangement, the 
principle followed was that the cutter and the 
end of the recorder reed must be as light as 
possible in order that the recorder shall not be un- 
necessarily burdened with a high inertia when 


registering high frequencies. 


9?) Although the micro-photograph applies to the low frequency 
of 150 cycles it is nevertheless applicable to average 
working conditions, for during recording the sound generator 
traversed all frequency values. A point corresponding to 
a lower frequency was photographed solely for the sake 
of clarity. It was found, moreover, that the wear of the 
cutter depended to no appreciable extent on either the 
frequency or the amplitude. 
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VISUAL ACUITY AND SPEED OF VISION IN ROAD LIGHTING 


m 


By P. J. BOUMA. . > 


* 


Summary. The relationship is investigated between the visual acuity on the one hand ` 


and the brightness levels of the object and the backgroünd, the type “of illümination i 


(monochromatic and other types of light), the. distance of the observer from the object and > . ud 


‘monocular or binocular vision on the other hand. With. technical sources of: light, the visual 


„acuity is considerably greater with sodium and mercury light than with ordinary glow ^ * 


lamp and neon light. The speed of vision is investigated for various types of light: a) For 7 
stationary objects mercury and sodium lamps nre better than glow lamps and neon light, 
b) for moving objects the descending sequence is Sodium light, glowlamps, mercury light. - DT eds 


3 


high-ways the first requirement is to perceive 
the presence of the object. .This perception is 
rendered possible by the existence of a contrast 
between. the. object and the road surface; contrast 
sensibility and contrast richness are determining 
factors here. ~ s i 
When an object has been once perceived it is then 
necessary to recognise it, i.e. to observe its exact 
foxm and to estimate its distance. This recognition 
is governed directly by another property of the eye, 
viz, its visual acuity; which'is defined as the 
ability to differentiate between the form of certain 
objects which are viewed with a small angle of 
vision, or the ability to distinguish as separate 
entities objects situated close together (e.g. two 
dots or'a number of parallel lines). - 
^ In addition -to visual acuity, the speed of 
vision is also an important factor in visual recog- 


nition; rapid recognition of an object on a highway 


is of the greatest importance. 

As a numerical measure of visual acuity we 
could, for instance, take the angle of vision at 
which two parallel lines are still just perceptible 
as separate entities. But since it is preferable to 
allot to the greatest visual acuity the highest 


numerical value, the visual acuity is usually 


expressed as the reciprocal of this angle (in'minutes). 
- Another method of measurement would be to give 
the distance at which a circle and a square with 
a diameter of 1 cm could still just be differentiated. 
"These measures are inter-related as follows: 
l minute corresponds to 690 cm. 
The visual acuity is determined, inter alia, by the 
following factors: 
A) Physical Factors 
. 1) The brightness of the object Jacco, 
) The brightness of the background. 
' 3) The physical composition of the light. 
) The distance at which the object is per- 
ceived. 


In observing objects on artificially-illuminated 


x 


B) Characteristics of the Eye D , 
^9) Myopia (shortsightedness) or. hypen metro- 
pia (longsightedness). eae 
6) Astigmatism: = 7, 5 € PEE 
7). Chromatic and spherical abertation. l 
8) Size of the photo-sensitive elements of the 
retina. : 
C) Methods of Measurement 
9) . Choice of object. - 
10) Monocular or binócular vision. 
11) Disturbing secondary influences. Glare. 


Certain of these factors. require only very brief 


reference. We shall consider only a “normal” o 
emmetropic eye; for monochromatic light from the 
centre of the visible spectrum this eye will exhibit 
neither myopia, hypermetropia nor astigmatism. 
We shall not discuss the? question of glare either 
but shall assume that any similar disturbing influ- 
ences are entirely absent. All other factors will be 
dealt with-in some detail. 
' The-relation” between ‘visual acuity and the two 


contrasting brightnesses can, be. depresented | in 


eens 


different. ways. To read off. directly - the ‘visual 


acuity” for’ two given brightness levels; the best 
method is to employ a diagram with the bright- 
ness levels H, (background) and H, (object) plotted 
as abscissa and ordinate and to insert the lines of 
constant.visual acuity G. This has. been done in 
fig. 1 for sodium light; the objects viewed here 
consisted of'a.series of circles. and: Squares, and 
the distance at which: the square with a length of 
side of I cm would still : just, be; distinguished" was 
taken as "a measure ‘of G. The. results apply: to 
ordinary conditions of road lighting, where the 
brightness of the object is smaller than that of 
the background (H, < Hj). The following points 

may be deduced, inter alia, from the diagram: 


-1) An increase in H, results in a diminution of 


the contrast and hence a decrease of G. 


2) An increase in H, results in an increase in the 


contrast and hence an increase in G. 


diate 


The increase does not, however, exceed a certain 


limit, which in the present case is about 860 cm 
(1.25 minute). This limit is reached when the 
image on the retina of the feature to be 
differentiated becomes the same size as the 
photo-sensitive elements. Under ordinary road 
lighting conditions, e.g. H, = 0.3, H, = 0.06 
candles per sq. m, where G = 530, we are 
usually far below this limit. ` 
3) Increasing H, and H, in the same ratio, in 
fig. 1, proceeding in a direction parallel to the 
line G = 0 (for instance by increasing the 
intensity of illumination), results in an increase 
in G; thus, if we double H, and H, in the 
example cited above, G will already increase to 
' 600; here again the limit G — 860. 


, Ih? 
100 
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Fig. 1. Visual acuity G as a function of the brightness (in 
candles per sq. m) of the background (H,) and of the object 
(H5) with sodium light (Bouma). 

To compare the visual acuity with different types 
of light, a diagram such as that shown in fig. 2 will 
be found more useful and suitable. In this diagram 
the visual acuity G is plotted as a function of the 

.brightness H for the following types of light: 
1 mercury light; 2 sodium light; 3 neon light; 
4 neon light (only the red lines); 5 white light 
(glow lamps),-and 6 the blue. mercury line, taking 


in every case a fixed ratio‘of H, to H, (here 1:12, . 


ie. for a bright object on a dark background). 
The curves for the green and the yellow mercury 
lines almost coincide with those for the total mercury 
light. It is seen from the diagram that the visual 
acuity with mercury light and with sodium light 
is considerably greater than that with white light. 


A correct idea of the magnitude of the difference 


between sodium light and white light is afforded 
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an equivalent visual acuity G in both cases. This 
factor f is on the average 2.5 for the range under ` ` 
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by the ratio of the brightness levels required with 
white light and with sodium light in order to obtain 


--Ho 
20k/m? 
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Fig. 2. Visual acuity C as a function of the brightness Hy 
(in candles per sq. m) of the object (brightness of background 
Hy, = 1/12 Hy) for: ! mercury light; 2 sodium light; 5 neon 
light; 4 red neon light; 5 glowlamp light; 6 blue mercury 
line; Ga as 6 after correction for myopia (Bouma). 


in other words the same visual 
acuity G is obtained when the brightness with 
white light is 2.5 times greater than that with 
sodium light. The main reason for this difference 
is the chromatic aberration of the eye, which 
adversely affects the definition of the image on 
the retina in the case of white light, an effect which 
is absent with the almost-monochromatic sodium 
light. Closer investigation shows that all mono- 
chromatic colours (with the exception of the 
shortest wave lengths, viz, blue and violet). give 
a greater visual acuity than white light. This 
difference also can be expressed by a corresponding 
factor f. In: fig. 3, f is plotted as a function of the 
wave length A for monochromatic light: Curve 1 
is based on the average of measurements made 


measurement, 
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Fig. 3. Ratio f of the brightness levels of, white and mono- 
chromatic light required to obtain the same visual acuity 
(various investigators) ! for line grating as object; 2 for 
other objects. . æ“ 
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by Ives and Luckiesh, and curve 2 on the aver- 
age of measurements made by Arndt, Bouma, 
Korff-Petersen and Ogata (in all cases at 
approx. l candle per sq. m). That these curves 


do not coincide, is due to the fact that different 


objects were employed in the two series of experi- 
ments; the first-named investigators used a grating 
of parallel lines, and the latter more symmetrical 
objects, such as letters, Landolt rings, circles and 
squares. The difference is particularly pronounced 
in the case of sodium light (5890 A): f = 4.5 for 
the line grating and 2.4 for the other objects. For 
practical purposes curve 2 is the more important, 
and according to this curve the greatest visual 
acuity is obtained at 5600 A (not far from the 
point where the visibility factor of the eye is also 
a maximum), whilst the acuity for red rays is 
practically the same as for white light, but that 
for blue light. is much lower. The fact that 


mercury light gives such a high visual acuity, is 


also accounted for by fig. 3: the intense green and 
yellow mercury lines (5461, 5770 and 5790 A) are 
both in very favourable positions, and since they 
' are still close together they do not create any 
marked interference; the blue line (4358 A) also 
causes little trouble owing to its very low intensity. 

The low visual acuity with blue light is partly 
due to the fact that the eye is myopic for this 
*short wave length. That the main cause is, however, 
of different origin is indicated by curve 6^ in fig. 2 
where a correction for myopia has been made. The 
improvement is seen to be only slight. 

Of the various factors referred to at the outset 

‘we have not dealt with two of these in detail, 
viz, monocular and binocular vision and the effect 
' of the distance of the object. 

Regarding the first factor, it has been found 
(Blondel, Ferree, etc.) that binocular vision gives 
a better visual acuity than monocular vision, pro- 
vided both eyes are identical (either naturally or 
after suitable correction); where the eyes are not 
equivalent, visual acuity in binocular vision is 

_ determined by the eye with the best accomodation; 
closing the other eye then has no effect. 

In conclusion the effect of distance should be 
discussed. It seems reasonable to assume that for 
the normal eye the visual acuity (which is ultimately 
determined by the angle of vision) is independent 
of the distance; in other word, if a square of 1 cm 
can still just be distinguished at a distance of 6 m, 
it might be expected that a square of 2 cm would 

' still just be distinguishable at a distance of 12 m. 
This has, however, been found not to be quite the 
case. Measurements by Freeman, Luckiesh, 
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Bouma and Mouton indicate that for distánces 
less than 2 m the visual acuity G increases with 
the distance d, that for d between 2 and 7 m, G is 
practically independent of the distance, and for 
greater distances gradually diminishes with the 
distance. Fig. 4 shows this relation graphically; the 


1000 | 2000 3000 cm 
76582 
Fig. 4. Visual acuity G as a function of the distance d (various - 


- investigators). 


cause of this phenomenon is still unknown. The 
diagram applies to. the normal eye; a myopic eye 
would for instance exhibit a much greater decrease ` 


‘of G at greater distances. 


In the above discussion an important factor has 
been left entirely: out of consideration, viz, the 
time, a factor which in reality plays an important 
part on the road. In all the measurements referred ` 
to, the eye has been given an opportunity. to 
observe the stationary object for an unlimited 
period. These experiments may be extended in two 
directions: i à 
1) The eye is allowed to observe the object for 

only a short time. 
2) The object is caused to move in the field of 
vision. 

Restricting ourselves first to the first-named case, 
it is interesting to know the time 7 during which 
an object must remain in the field of vision in 
order to make recognition possible. This time 
intérval depends on the nature and size of the object, 


_on the distance separating it from the observer, 
‘and on the brightness levels of the object arid tlie 


background. If we alter only the intensity of 
illumination (such that the two brightness levels 
are altered in the same ratio) it will be found ‘that 
below a certain brightness H, of the object the 
latter will no longer be distinguishable at all; this 


‘limit H, may be deduced from the measurements 


of visual acuity. At brightness levels which are 
only slightly above Hy, t becomes very large and 
the magnitude 1/1; which is frequently termed the 
speed of vision, approaches zero. Fig. 5 gives 
an example of the variation of this factor 1/7 being 
plotted as a function of the brightness H of the. 
object (a number of circles and squares of 1 cm 
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.diameter were viewed from a distance of 2 m). The 
, ratio of the brightness levels-of the object and the 
background was here 12:1; the short exposure 
times were obtained by means of a Compur shutter. 
Curve l applies to sodium light and curve 2 to 
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Fig. 5. Speed of vision l/r (v is the time for which the. 


stationary object must be illuminated in order to be 
perceived) as a function of the brightness H (in candles 
per sq. m) of the object (Bouma): 1 sodium light; 2 glow- 
lamp light. : : 1 


1) The curves do indeed approach zero for the 

'. values H, = 0.032 and H, = 0.060 which we 
can also obtain from fig.2 for G — 200. 

2) "The speed of vision is always greater for sodium 

* . light than for white light, or expressed other- 
wise: To obtain the same l/r values a higher 
brightness level is required with white light 
than with sodium light. If we represent the 
ratio of the required brightness levels again 
by f (exactly as in the measurements of visual 
acuity), we see that at low brightness levels f 
is roughly equal to 2, whilst at high brightness 
levels" (above the brightness level of road 

lighting) f is about 12. `- , ! 

3) At high brightness levels 1/t becomes pro- 


portional to H, i.e. whether an object is per-' 
ceived depends solely on the magnitude v H. 


and hence on the total quantity of light falling 
on the eye. Over these short time intervals 
. the eye integrates the brightness within the 
period of exposure (exactly as does a photo- 

a graphic plate). l 
It was found for various monochromatic and 
technical sources of light, that the values of f 
occurring at the speed of vision are in agreement 
with those from measurements of the visual acuity 
(Arndt). In particular the speed of vision is,thus 
_also greater with sodium and mercury light than 
with. glowlamp light; this applies especially to 
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objects which are viewed under a small angle of 
vision (Luckiesh). i : 

The conditions are somewhat different if at the 
same time the object is moved (thus simultaneously 
extending the visual acuity experiments in the two 
directions indicated). Investigations on these lines 
were carried out, inter alia, by Weigel, who 
determined the time 7' during which a moving 
object must be visible in order to.be recognised. 
The velocity of the object was in all ‘cases such - 
that during the time in which the object was 
visible the same distance was always traversed. 
Fig. 6 shows some of the results obtained, where 
for various types of light (1’sodium light, 2 glowlamp 
light, 3 mercury light) 1/t’ is plotted as a function 
of the brightness of the background (the brightness 
of the object was always 2.2 times greater). As in 
the measurements made by Arndt and Bouma, 
sodium light is again also seen to give much better 
results than glowlamp light. Compared with the 
previous measurements there | are, however, two. 
important differences: E 
sect 
Ü 


as a function of the brightness H (in candles per sq. m) 
of the background (Weigel). 7 
1 sodium light; 2 glowlamp light; 5 mercury light. 


1) The magnitude t’ rapidly reaches à saturation 
value of about 4/,, of a second, whilst v measured 
for stationary objects may be reduced with 
high brightness levels to +/299 (Bouma, Cobb) 
and even to 1/,9) of a second (Ferree, Rand). 

2) For moving objects, the speed of vision with 
mercury light is in fact smaller than with 
glowlamp light (Weigel), whilst it is much - 
greater with stationary objects (Arndt). 

These differences can to some extent be accounted. 
for. At very short exposure times Weigel employed 


JULY 1936 


very high velocities for the object, so that the eye 
was no longer able to follow the movements of 
the object. Even at the highest brightness levels 
such short times of perception are therefore no 
longer able to give satisfactory vision, hence the 
saturation value. That the chromatic relationship 
of t’ ‘may differ from that of v is evident when 
it is remembered that here entirely different 
properties of the eye are called into operation, 
particularly the speed at which the image disappears 
from the retina. If we assume that this speed is 
smaller with blue light than with other kinds of 
light, it is clear that sodium light under these 
conditions is considerably superior to both mercury 
light and glowlamp light. 

It may be advanced against the above discussion 
that on the highway we are not only interested 
in the time during which an object must be visible 
to us, but also particularly in the time elapsing 
between the’ first appearance of the object and the 


instant at which an impression has been conveyed 


to the brain, and the object is actually recognised 
for what it is. This interval obviously also embraces 
a psychological reaction time, viz, the time elapsing 
between the formation of the complete image on 
the retina of the eye and the instant at which it 
has been registered on the brain and the latter 
reacts to it. Although it appears plausible that this 
reaction time will be the same for different types 
of light, it is nevertheless important to investigate 
whether, in this respect also, sodium light offers any 
advantages over ordinary glowlamp light. 


Information of the total time taken by the whole. 


' operation of a registration on the brain'is given 
by the results of experiments on the speed of reading. 
Fig.7 shows the speed of reading in letters per 


second for various braune levels of the page and - 
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Fig. 7. Speed of reading L (in letters per second) as a function 
of the brightness H (in candles per sq. in) of the page (Bouma): 
1 sodium light; 2 glowlamp light. 


'"Q 
002 005 01 Q2 05 1 2 


` 


- 


.ACUITY AND VISION IN ROAD LIGHTING "m 219 


uu 


for both white light and sodium light. It is seen- 


that also in this repect sodium light is superior 


to white light, and for f we again get, as was to be 
- expected, approximately the same value as was 
determined for visual Bey and speed. of vision 


(2). à 


Unlike fig. 5, fig. 7 andi reveals a saturation 
value determined by the speed at which our mind 
is able to “digest” the matter, this saturation 
value is the same for both types of light. 
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PRACTICAL APPLICATIONS OF X-RAYS FOR THE EXAMINATION 
OF MATERIALS 


By W. G. BURGERS. 


Up to the present we have discussed in this 
section only X-ray photographs of pure compounds 
having a specific chemical composition and in which 
the various elements are present in fixed quantitative 
proportions. Where mixtures of such compounds 
were considered, as in the two previous articles, 
the compounds were 


present as independent 


physical entities. But substances are known which 


Fig. l. 


are composed of several elements or compounds 
in varying proportions, although one phase is 
present. In these cases we speak of solid solutions 
or mixed crystals, and in the case of metals fre- 
quently of alloys. 

Mixed crystals are frequently formed by elements 
or compounds having identical crystal lattices in 
which only the interatomic distances may have 
different values. Examples of these “isomorphous” 
crystal structures are found in many metals as 
well as in compounds of corresponding composition, 
e.g. barium and strontium carbonate, BaCO, and 
SrCO,. Hence these elements or compounds are 


often **miscible" with each other in all proportions. 


The conception is that, for instance, in the case 
of BaCO, and SrCO, the barium and strontium 
atoms, which occupy very definite positions in the 
crystal lattices of the homogeneous compounds, are 
arbitrarily distributed over these positions in the 
mixed crystal. 

Owing to the difference between the interatomic 


distances in isomorphous crystals referred to above, 


X-ray photographs of copper-nickel alloys of different compositions. 
YI gra PI ) I 


ej, Cu Jy Ni 

100 0 

70 30 

50 50 

30 70 

0 100 

16808 

it must be expected — and this is actually found to 
be the case — that the interatomic distances in 


a mixed crystal (in which only a “mean” inter- 
atomic distance can be assumed owing to the 
different atoms alternating with each other) have 
values between those for the two components. Closer 
investigation has shown that the interatomic dis- 
tances in a series of mixed crystals vary in general 
in proportion to the composition. 

The occurrence of isomorphism and the formation 
of mixed crystals are readily brought into evidence 
by X-ray photographs, for since in isomorphous 
crystals the same arrangement of atoms is found, 


with only a difference in their distances, they give 
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X-ray photographs in which the interference rings 
occupy the same relative positions but have different 
diameters. These diameters are in fact determined 
by the angles of dispersion of the incident X-ray 
beam produced at the atomic lattice, the angles 
varying with the interatomic distances. 

Thus, if we compare the X-ray photographs 
obtained with a series of isomorphous crystalline 
bodies, the corresponding rings are found to be 
displaced with respect to each other. 

Fig. 1 a-e shows a series of photographs for mixed 
crystals, which were obtained with copper-nickel 
alloys containing 0, 30, 50, 70 and 100 per cent 
nickel respectively. The progressive increase in the 
diameter of the corresponding interference rings 
is brought out very clearly here. 

The presence of an alloy or a solid solution can 
therefore be assumed when the X-ray photograph 
of the substance under examination is comparable 
to those obtained with the isomorphous substances 


concerned, but differs from the latter in the size 


of the interference rings. From the magnitude of 


this difference, bearing in mind the above-mentioned 
consideration, it is possible to deduce the approx- 


imate composition of the solid solution. 


o BaO %/, SrO 
100 0 
69 31 
a8 57 
20 80 
9 100 
Ni 
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Fig. 2. Formation of mixed crystals between Ba0 and Sr0. 
Fig. e contains some lines which, on comparison with ‘the 
nickel diagram f, are seen to be due to the nickel tube which 
carries the oxide layer. 


A number of examples are given below in which 
the occurrence of mixed crystals or solid solutions 
was of interest. 
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12. Mixed crystal formation in oxide cathodes 


The “oxide layer" of oxide cathodes consists 
principally of barium oxide and strontium oxide, 
these 


oxides being formed by 


decomposition 
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Formation of mixed crystals between BaCO, and 
SrCO4 on simultaneous precipitation from a solution of the 
Pug I I 

nitrates, 


a) BaCO,; b) BaSr(CO,);: c) SrCO,. 

of the corresponding carbonates. The latter are 
sprayed on the cathode (e.g. a short nickel tube) 
in the form of a paste and during preparation are 
decomposed by strongly heating in vacuo. At the 
high temperature of formation applied the oxides 
form mixed crystals as a result of diffusion !). This 
can be proved by X-ray methods as demonstrated 
by fig. 2 a-e. This figure reproduces a series of X-ray 
photographs of oxide preparations obtained by 
strongly heating carbonate mixtures containing 
different proportions of BaCO, and SrCO,. It was 
found that the formation of mixed crystals influenced 
the emissivity of the cathode ?). 

Radiographic examination of a number of cathodes 
from standard valves showed, however, that mixed- 
crystal formation was not always complete. In some 
cases the photographs indicated that the separate 
oxides were still present ?), probably owing to the 
faet that in the preparation of the cathodes the 
duration of heating and the temperature were not 
the same in all cases, the time being too short in 
some for complete formation of mixed crystals. 


1) W. G. Burgers, Z. Phys. 80, 352, 1933. 


2) M. Benjamin and H. P. Rooksby, Phil. Mag. 15, 810, 
1933. 


3) W. G. Burgers, loc. cit. The diagrams showed no lines 
due to metallic barium, the proportion of barium in the 
mixed erystals being far too small. 
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If, however, où spraying the cathode a mixed 
crystal of the carbonate is present at the outset, 
it may be expected that the solid solution of oxides 
will be formed directly by decomposition of this 
mixed crystal and as a result the interdiffusion of 
the oxides is eliminated. A carbonate mixture 
precipitated from a solution containing both Ba 
and Sr ions, e. .g- a mixture of their nitrates, appears 
suitable for this purpose; as shown’ by the X-ray 
photograph in fig. 3, such a solution does indeed 
give a mixed crystal of BaCO, and SrCO,. 


13. Nickel-iron alloy . 


The next example is of the same class as the one 
just discussed. X-ray photographs confirmed the 
conclusion drawn from microscopic examination, 
that mixed crystals are formed on precipitating 
a mixture of nickel oxalate and iron oxalate from 
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a ‘solution’ of nickel chloride ‘and iron chloride. 
The oxide obtained on heating the precipitate gives 
on reduction a nickel-iron powder composed of a 
solid solution of iron and nickel In this way, 
therefore, à nickel-iron alloy is directly obtained. 


14. Fluorescent Preparations for Luminescent Tubes 
and Fluorescent Screens. 


Zine sulphide containing a varying proportion of 
cadmium sulphide is in common use as a fluorescent 
preparation, the colóur ofthe latter being determined 
by the relative proportions of the two substances. 
These substances are isomorphous and form mixed 
crystals in all proportions. By comparing X-ray 
photographs of these preparations with standard 
diagrams of the separate sulphides, the approximate 
composition of the preparations can be readily 
determined (to within several per cent). 


. No. 1073: 
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ABSTRACTS OF RECENT SCIENTIFIC PUBLICATIONS OF THE 
N.V. PHILIPS’ GLOEILAMPENFABRIEKEN 


R. Houwink: The strength and mod- 

.ulus of elasticity of some amorphous 
materials, -related ^to their internal 
structure (Trans. : Faraday. Soc. -32 
133-141, Jan. 1936). 


A general discussion is given of the tensile 
strength and the modulus of elasticity of matter 
on the basis of the cohesive forces of matter: The 
‘principal theories regarding the internal structure 
of asphalts, resins and glass are briefly outlined. 
‘The.-elastic properties particularly of hardening 
resins are studied. For a phenol-formaldehyde resin, 
a modulus of elasticity of 1050 kg per sq. mm 
and a tensile strength of 7.8 kg per sq. mm were 
found at 195 deg. C. This tensile strength is only 
1/550th of the theoretical value (cf. No. 1071 by 
J. H. de Boer). An explanation is offered by 
assuming the occurrence of irregularities (“Locker- 
stellen”) in the structure of the macro-molecules 
of the resin. Causes responsible for the presence of 
these “Lockerstellen” are enumerated and discussed, 
both for resins and for other amorphous substances, 
e.g. glass. For the modulus of elasticity the measured 
value is 1/10th of the theoretical value. That this 
difference is so many times smaller than in the 
case of the tensile strength is probably due to the 
part which the secondary bonds (resulting from 
Van der Waals’ forces) play in addition to the 
primary bonds in the macro-molecules of the resin. 


No. 1072: 


R. Houwink: High elasticity of three- 
dimensionally polymerised amorphous 
materials in relation to their internal 
structure (Trans. Faraday Soc. 32, 
131-143, Jan. 1936). 


In this paper the relationship is given between 
the maximum elastic energy which can be stored 
in a substance and the energy content of the bonds. 
In particular the elastic properties of hardening 
resins are discussed. A high possible elastic de- 
formation (up to 240 per cent) is found at a definite 
degree of polymerisation of the resin (B state) at 


.a temperature of 120 deg. C., The relationship 


between these elastic properties and the formation 
of insoluble, elastic three-dimensional networks is 
given. À similar behaviour may be observed with 
asphalt and glass, but it is not so pronounced as 
with the resins. With these former substances 
the highest possible elastic deformation is only 
of the order of 20 per cent. It is shown that a 


islas ossia elastic deformation of this order 
may generally occur with amorphous substances if 
the viscosity is of the order of 10! to 10!? poises 
(1 poise = 1 dyne cm? sec). Calculations are 
given to explain the changes which occur in 
Young's modulus, in the tensile strength and in 
the yield point when matter is transformed from 
a compact to an open reticulated structure. From 


the bonding energy which is stored in the intra- 


molecular bonds in asphalt, glass and resins, the 


author attempts to give a rough explanation for 
the high possible elastic deformation. of these - 
materials. 


W. Elenbaas: Uber die mit den 
wassergekühlten Quecksilber-Super- 
` Hochdruckróhren erreichbare Leucht- 
dichte (Z. techn. Phys., 17, 61-62, Febr., 


1936). 


It is shown in this article that in ultra-high 
pressure mercury vapour discharge tubes equipped 


No. 1074: 


' with water cooling’ the brightness hitherto attained - 


can be further increased by reducing the internal 
and external diameters of the tubes. In the first 
place the power input and the pressure are kept 
constant; the brightness increases slightly less than 
would be proportional to 1/R (R = radius). By - 
reducing the internal diameter to 1 mm and with ' 
an input of 1400 watts per cm length of the tube 
(805 volts and 2.1 amp) brightness values of 
180 000 candles per sq. cm have been obtained. 


No. 1075: M. J. O.. Strutt: 
changers (Wirel. 


Febr. 1936). . 


Diode frequency 
Eng., 13, 73-80, 


In this article the most important properties of 
diode frequency changers are set forth theoretically 
and experimentally. The conversion gain is g = 
R/(R + R;), where R is the tuned impedance on 
the primary side of the intermediate frequency 
transformer and R; the effective internal resistance 
of the diode for the incoming signal. If oscillator 
voltages of over 4 volts are used and a proper 
bias applied to the diode, the value of R; may be. 
about 0.1 megohm. Owing tothe lowinput imped- 
ance, it is preferable to use the diode in sets with 
a high-frequency valve before it. In this case the 
noise due to shot effect is negligible; whistling ` 
noises are sufficiently low if the input signal 
amplitude on the diode is only a few millivolts, 
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while at the same time distortion effects are negli- 
gible. Compared to the octode, the diode circuit 
for frequency changing generally offers the advan- 
tage that it is more suitable for short waves. 
Contrary to other mixers, higher harmonics of the 
oscillator frequency for frequency changing can also 
be used with this diode circuit without loss of gain, 
as may be sometimes advisable for short waves. 


W. F. Brandsma: Het onderzoek van 
de beitelpunt (Metaalbewerking, 2, 
541-545, Febr. 1936). | 


No. 1076*: 


This article describes the application of the so- 
called facing-lathe test by means of which the 
quality of a cutting tool edge can be determined. 
In these tests the distance from the shaft is measured 
at which the tool loses its edge when a disk rotating 
at a uniform angular velocity is turned by the 
tool from the centre towards the periphery. A fuller 
abstract of this paper will be omitted here as this 


Rev., 1, 183 and 200, 1936). 
No. 1077: Balth. van der Pol: On oscillations 
(Norsk Rikskringkastings Forelesninger, 
Oslo, 1936, pp. 243-275). 


` 


This „paper presents a general mathematical 
review of the principal properties of oscillations 
which are of interest in different branches of science 
and technology. In addition to standard functions 
represented by a sinusoidal time diagram, ‘special 
attention is'also directed to functions with a rec- 
tangular time diagram, for which, analogous to 
ordinary sine functions, an orthogonal system of 
` , functions, can also. ‘be derived, thus permitting an 
ordinary sine function to be expanded on the basis 
: ofthese frictions: “After discussing those oscillations 
which ` cam bé. represeiited by linear differential 
equations, thé. author passes to a consideration of 
non-linear: phenomena. The relationship between 
harmonie and so-called relaxation oscillations i is 
analysed. The paper.concludes with a discussion 
: of various types ‘of relaxation oscillations of frequent 


* beat: E the ‘heart; the multivibrator of Abraham 


r 
Theat an 


T 
*) A sufficient number of reprints for purposes of distribution 
is not available of those publications, marked with an 
asterisk *). Reprints: of other publications may on appli- 
cation'be obtained from Philips laboratory, Kastanjelaan, 
Eindhoven, Holland. 
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subject is dealt with in detail in a separate series: 
of articles appearing in this journal (Philips techn.. 


` LI + i x - 
'oceurréncé in nature and technology, such as the „a function of h/A. 


Vol. I, No. 7 


did Bloch and the so- -called “sleeping actions” of 
plants. - 7 

(A translation of these papers appeared in Ned. 
T. v. Natuurk., 3, pp. 65-85 and 97-108, 1936). 


No. 1078: J. L. Ene On the “Permalloy 
Problem" (Nature, 137, 493, 1936). 


According to Lichtenber ger the exceptionally 
‘high permeability of Permalloy may be ascribed 
to the fact that three particular points in the 
iron-nickel system are situated close together; at 
71 per cent the crystal anisotropy vanishes; at 
82 per cent the absolute value of magnetostriction 
passes through a minimum, and at 85.5 per cent 
the anistropy of magnetostriction also vanishes. 
Various recent researches carried out by the author 
and other investigators lead the former to conclude 
that Lichtenberger’s hypothesis is valid. On 
slow cooling in the absence of a magnetic field | 
magnetostriction is able to disturb the magnetic 
orientation, resulting in a lower permeability. If 
on the other hand slow cooling takes place in the 
presence of a magnetic field, the disturbance due 
to magnetostriction is eliminated in the direction 
of this field and_the action of crystal anisotropy 
becomes much more pronounced. 


No. 1079: K. F. Niessen: Eisen bei 
- vertikalen Dipolantennen in grosser 
Höhe über ebener Erde (Ann. Physik, 

25, 673-687, Apr., 1936). 

For the case where the quotient of the heitgh h 
of a vertical dipole-aerial above the ground and 
the radiated wave length satisfies a certain inequal- 
ity, the author deduces a formula for that fraction T 
of the total energy radiated from the aerial which 


. is absorbed by the earth. This absorbed portion is 


determined by the absolute value n and the argu- 
ment of the complex refractive index and hence 
by the dielectric constant and by the conductivity 
of the soil. Simple formulae are given for the prac- 
tical case where 1/n? can be neglected compared 
with unity. The absorbed portion T at a finite height 
h of the dipole aerial is greater than T (co) for an 
infinite height. This additional absorption due to . 
placing the aerial at height h may be expressed as 
From this expression it follows 
that it is of advantage to locate the dipole aerial 
at.a height which is equal to an odd multiple of 
the quarter wave length, whilst practically no further 
gain accrues .when the aerial is located at a height - 
of more than four wave-lengths above the ground. 
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: DEALING "WITH TECHNICAL PROBLEMS ZEE 
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- "THE PROBLEM OF GLARE IN HIGHWAY LIGHTING 


By P. J. BOUMA. 


Summary.: After a short discussion of the concept of glare or dazzle and 'a survey of the 


r 


various types of glare (direct, indirect, simultaneous and successive glare) as-well as-of 
the effects of glare (reduction in the visual faculties. of the eye, fatigue, diversion of at- 
tention), the influence of-glare on contrast sensitivity is analysed in some detail. An 
approximate formula given by Holladay is dealt with. Consideration is then given-in 
turn to the effect of successive glare (after-effects), the feeling of discomfort. and dif- 
ferences between observations by different observers (on the basis of investigations with 


100 observers). A number of practical conclusions are then drawn. 


i 


` One of the most important and at the same time 
one of the most difficult problems encountered in 
the study of highway lighting is that relating to 
glare or dazzle. The difficulties to be overcome 


are very varied in character. In the first place . . 


there appears to be no agreement as to what 
` actually constitutes glare, whilst it is also difficult 
to determine what type of glare plays the principal 
part. No criterion for measuring the intensity of 
glare exists and there is perhaps no other branch 
of physiological optics, in which the personal 
equation enters more deeply than in this problem 
of glare or dazzle. 


What do we o understand by glare ? 


The various phenomena which are * included 
. under the generic term of “glare” may be classified 
under two heads: ` 


1) The reduction in all visual functions of the eye 
which results when a portion of the retina is 
stimulated. by à brightness which is: far above 
the average brightness level at which normal 

. .vision and perception operate. 

. 2) The feeling of discomfort (with the guion ops 
diversion of attention and various fatigue 
effects) which an object of Such exceptional 
brightness creates. 


Frequently both phenomena occur simultane- 
ously and in many cases it is thus essential to 


distinguish clearly between these two groups: 
The visual faculty of the eye can in fact already 
be appreciably reduced before the second ory 
of phenomena exercise any influence. 

_A characteristic difference between these two 
groups is to be found in the fact that the ocular 
faculties of the human eye can be: measured and: 
expressed numerically in many different ways, whilst 
a similar evalution as regards discomfort phenom- 
ena is'much .more difficult and is often quite 
impossible. 

That portion of the retina on ‘which the dazzling 
light impinges, may be the same'as that which we 
employ for visual pérception.- -We then speak of 
direct glare. (This occurs; for instance, when we 
make an attempt to determine .the form. of a light " 
source and also when we look directly, at a light 
source and then try to distinguish an “object. with, : 
the same mean retinal area). A still more common: 


case is when the exposed area of the. retina’ does PE 
not coincide,- with the area utilised for percép;, Op 
tion, (e.g. when our "perception. of- objects on a: D 


~ highway is- disturbed” by: -insufficiently- -screened . 


^* 


stationary sources: of glare, or by the: headlights of : ae 


an approaching motor car). In this case-we speak of 
indirect glare: ‘the visual acuity | of a portion of 
the retina is reduced because” another part of 
the retina is over-stimulated 1), 


1) This diminution may A partly attributed also’ to the 
dispersion of the glare light in the various parts of the eye. 
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As is already apparent from the examples given : 


above, the functioning of the eye can be affected 
during the presence of a dazzling source as well as 
subsequently after its removal from the field 
of vision. In the first case we have simultane- 


ous glare and in the second’ successive glare | 
(“after-effects”). In the investigation of the latter. 


phenomenon the time is naturally an’ important 
factor. ° ep ES ; 


Criteria::for Measuring Simultaneous Glare 


To investigate the, dazzling effects of different 
sources of light under different conditions, we must 
evaluate the effect produced numerically. For this 
purpose a’ measurement is usually made of ‘how 
far a specific property of the eye is adversely 
affected by the presence of a source of glare. Thus 
we can measure the reduction in contrast sen- 
sitivity, in visual acuity, and in the speed of per- 
ception, etc., for all of which the following general 
considerations apply: . | 
1) The dazzling effect will be the greater, the 
higher the intensity of illumination .E which 
the source of glare produces at the eye. 
2) The dazzling effect will be the greater, the 
l smaller the angle of vision a between the object 
'. perceived and the glare source. ` 
3) A given source of glare will have the greater 
effect, the lower the brightness values at which 
objects are.to be perceived. 
4) The differences between different types of light 
- are very small. i 
Exhaustive measurements have been carried out 
regarding the effect of glare on contrast 
sensitivity; these measurements will now be 
discussed in some detail. 
Contrast sensitivity in the absence of a source 
of glare is defined as: 
f H 
7 AH 
where AH is the difference in brightness which 
‘can still be just distinguished against a background 
g, brightness of H 2), Glare causes a reduction in the 
“contrast sensitivity by a fraction P times its original 
— value, thus: 


V (4B) 
K’=PK=H: i=) l 
In óther words, in the presence ôf a source of glare 
the difference in brightness just perceptible to the 

, eyeis AHP. . mE 3, f : 


folge 


+2) See also Philips techn. Rev., 1, 166, 1936 (fig. 4). 
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' The; diminution in contrast sensitivity due to 


glare can also be expressed as the so-called “equiv- 


` alent veiling brightness" H' instead of by the 


magnitude P. The equivalent veiling brightness 
is defined-by Holladay as follows: : 
The difference in brightness still just perceptible - 
would be similarly raised from 4H to AH/P if in 
place of the source of glare an additional brightness 
H’ were introduced into the whole field of view. For 
H’ Holladay gave the following approximate 
formula: a 
E 


a 


H' =C (1) 
where H', E and a represent the, same as above and 
C, n and m are constants, which Holladay found 
had the following values: C = 9.2 (when H' is 
expressed in candles per sq. m, E in lux and a in de- 
grees), n = 1 and m = 2. 

Hence the veiling brightness is proportional to 
the amount of light emitted from the glare source 
and is inversely proportional to the square of the 
angle of vision between' the object and the source 
of glare. We shall discuss the application of this. 
formula for a specific case. We must take as a 
basis the relationship existing between the mag- 
nitudes AH and H — in the absence of dazzling 
light-sources — and which is shown in fig. 1 for 


ine 
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Fig. 1. Difference in brightness AH which is still just detectible, 
plotted as a function of-the brightness H of the background, 
both expressed in candles per sq.m. The figure is applicable for 
white light. The ratio of abscissal to ordinal values gives the 
contrast sentitivity. 


white light. It is seen from this figure that, for 
instance, with a brightness H — 0.3 candle per 
sq. m, a brightness difference of 0.013 candle 
per sq.m is still just perceptible (contrast sen- 
sitivity K —.23). Now assume that a source of 
glare is introduced which has an intensity of 810 
candles in the direction of vision and is 92 m to the 


‘side of the object to be perceived. The distance 
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between the eye and the source of glare is assumed : 


to be 30 m, so that-the intensity of illumination 


at the eye (due to the source of glare) is E = ` 


0.9 lux and a = 3.82? This case is described 


in the report. of the Illumination Committee of — 
'_ brightness. 


-` the Royal Dutch Automobile Club and. of-the Na- 


tional Dutch Cycling Association, (1925) as “just | 


embarrassing glava From (1) we get: 


H' exu 568 candles per sq. m 


Fig. l gives, for a "brightness H+ H = 0.868 


candles per sq.m, a value of AH of 0.03 candle 


per sq.m, so that the contrast sensitivity K’ is 
.0.3/0.03. = 10 and has hence dropped to half. 

= Tt should be emphasised that Holladay's 
formula only gives the order of magnitude of the 
glare. Various investigators have found that it. is 
subject to a number of deviations: ` 


a) The value of m varies ‘from 1.5 (Stilés) to 

4 (Rep. Roy. Dutch Auto. Club), whilst we have 

` found that m is closely dependent on the angle 

of view a; for a between 2 and 15? an average 
value of m = 2 was found. 


` b) A source of glare situated above the object being 
. viewed, has less effect than a glare source placed 
- beside or below the object (Weigel Bouma); 
this phenomenon is not taken into consideration 
in equation. (1). i 
c) The values given by Holladay indicate that 
n is also dependent on a; as the angle of view, 
increases n diminishes; between 2.5 ‘and 5° 
1 has a mean value of 90. We found a value 
of 0.89 for n when a = 3.5?, so that the 
proportionality to E is not strict. 


2 


source and the angle ô at which it is viewed 
: are included only in the general term E which 
is proportional to H ,0?. The law which assumes 


that the effect of the glare source, with equiva- . 


lent E, is independent of the particular values 
of H,, and 6 only holds good for sufficiently small 
` sources of glare, i.e. ; where <p. The limits for 
óy given “by different investigators are: 3° 
(Bordoni), 1° (Stiles), 0.5° (Nat. Dutch 
Cycl. Assoc. A.N.W.B.). We have found that 
the law still gives satisfactory values at ô= 0. 6 i 


e) According to our-measurements H’ was in- 
dependent of H, as well as of E and a., 


These deviations indicate, that the “equivalent 


brightness" cannot be regarded as a brightness 
value, which actually falls. on the retina owing to 


light aa in the eye, Put merely as a fie. 


In equation (1) the brightness H p of the glare 
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titious magnitude which facilitates the correlation 


of practical results. Measurements based: on the 


reduction in visual acuity, speed of perception, etc., 


‘as a criterion lead to analogous results, but these 


cannot beso easily collated by introducing a veiling 


The ẹffect of the T is the glare source 
is very slighti in all cases. On comparing glowlamp and 


. sodium light many investigators have, for instance, 


arrived at the same values apart from unavoid- 
able experimental tolerances, whilst others have 


. observed a slight advantage in favour of sodium 


light. Ín investigations carried out in these labor- 
atories, in which .100 observers participated, a 


slight advantage in favour of sodium light was ' 


also found. The permissible intensity of the sodium 


' glare source was on the average 1.086 times greater 


than that of a white glare source. The probable 


error in this value was 3?/,. In the case of 619/, - 


of the observers the sodium glare source gave a lesser 
reduction in K than a white glare source of 
equivalent intensity, whilst 399/, found the opposite. 
Successive’ Glare i 
The following must js niied as criteria for 
the degree of successive glare: 
a) The time during which, an after-i -image of the 
glare source persists. : 
b) The time, following the removal of the glare 
source until the eye again adapts itself to its 
.. normal visual capacity. í 
Few- comprehensive measurements have as yet 


been éarried out on this aspect of the problem, . 


although certain tentative conclusions may already 
be drawn from the measurements which have been 
made. Thus it has been found that in general the 
rays of shortest wave length (blue, violet) are 
the most trying in successive glare. In this respect, 
for instance, sodium light offers considerable ad- 
vantages over glowlamp and mercury-vapour light. 
It was also observed that light sources with a high 
luminous intensity and of small dimensions produce 
more intense successive dazzle than light sources 


of the same degree of brightness but of ce 


surface area. 


^ 
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Discomfort due to Glare ` 


The féeling of discomfort and disturbance, etc., 


caused by a;source of glare is difficult to express 
numerically. Attempts have been made to adjust 
two sources of light to have the “‘same discomfort. 
values" 


(Harrison), but without conspicuous 
success. : 


+ 


—. 


228 > 4 


Messavements of fatigue based on the gradual 
reduction in the visual capacity of the eye in the 
presence of a source of glare persisting for a long 
time (e.g. a reduction in the speed of reading) 
have not led to any noteworthy results: Measure- 
ments.carried out by Mouton indicate that in 
this particular case there is practically no difference 
between, white glowlamp light and the light ob- 
tained when all wave lengths below 5000 A (blue- 
green, blue, violet) are cut out (*Selectiva" light). 

Since no reliable measurements have been made 


in this direction, an estimate of this factor must be . 


based on general practical experience. The following 
conclusions appear to be justified: 
‘1) Exactly as in the case of successive glare, a 
- light source of high brightness ‘and small 
dimensions here again produces more discom- 
- fort than an equally bright source of light with 
a larger surface of: radiation. 


2) In generalthe blue rays are mainly responsible E 


for the discomfort produced. Hence yellow 
M light - (both monochromatic light’ given by the 
. sodium lamp and “Selectiva” light) results in 
less discomfort than white light. 


The Personal Equation : 


Tn all the measurements described relating to 
glare, differences due to the personal equation of the 
observers are extremely marked. The extent of 
these differences will be shown by an outline of the 
results of measurements obtained in this laboratory 
with 100 collaborators. 

For a given set of conditions . haikai 
brightness H = 0.3 candle per sq.m, illumination 
- falling on the eye from the glare source E = 2.1 


lux, angular distance between the object and the. 


glare source 3.1 ?) each observer had to deter- 
mine the contrast sensitivity without the glare 


source, with a sodium glare source and with a | 
"white glare source, the latter of equivalent bright- - 


ness. The average deviation of the,result of an 
observer from the mean values was about 40 per 
- cent; some deviations were as much as 300 per cent. 
In spite of this lack of agreement the following 
general conclusions could be drawn: : 


1) The 32 persons wearing. spectacles exhibited 
a lower average. contrast sensitivity than the 


other observers (1.2 times) even in the absence | 


of.a glare source. They also experienced greater 


.their contrast sensitivity with this source 


"was much lower (1.4 to 1.5 times) than that - 


-found by the other observers. 


a 


PHILIPS TECHNICAL'REVIEW - 


discomfort from the ‘glare source, so that ` 
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2) The ratio of the above factors P for sodium and 
white light glare was on an avérage: Py, : Prnite 
= 1.059 (probable error approx. 0.022). The 
.i Slight advantage in favour of sodium light is due 
mainly to the results obtained by the observers 
wearing spectacles "(with an average of 1.128), 
. whilst the observers wearing no spectacles found 
practically no difference (on an average 1.024). 
3) The contrast sensitivity, both in the absencé 
and presence of the dazzle source, was lower 
"with older persons than with the younger 
observers. The reduction between-18 and 50 
years of age was 1.48 without a glare source, 
1.57: with a.sódium source, and 1.69. with a 
white-light glare source. An example of this 
reduction with a sodium source of. dazzle is 
-shown in fig. 2. Each point represents the mean 
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Fig. 2. The contrast sensitivity H/AH with glare due to sodium 
light as a function of the age of the observer (in years). The 
horizontal arrows represent the age group over which an 
average was taken, and the vertical arrows give the próbable 
error. This curve was drawn on:the basis of results obtained 
with 100 observers. 


value of a definite group of observers. The 
horizontal arrows through these points indicate 
the particular age group, over which the mean 
value was obtained; the vertical arrows indicate 
the magnitude of the probable error. 


4) The observers were also asked whether they 
found the sodium light or the white light more 
discomforting. 25 °/) expressed no opinion, whilst 
of the remainder, 66°/, suggested the sodium 

light was the more bos and 34°/, the white 
light. The ratio Py, : Ponie referred to above 
had a mean value of 1.092 for the first group,’ 
and a mean value of 0.947 for the second group. 

It was also found that there is some connection 

between the greater comfort afforded by one 

type of light on the one hand and better 
perception on the other hand, although it 
frequently happened that one light source gave 


-l 
| 
AUGUST 1936 


greater ‘comfort odds the iios gave a greater 
.ease of perception. 

The experiments just describéd ` ‘indicate, 

^ that measurements based on -+a small number 

of observers can ‘only be employed with the 


. greatest reserve for arriving at any conclusions. - 


Practical Conclusions from. ‘the Ahova Considerations 


In every respect it is desirable for the eye to be 


exposed for as short a time as possible to a perma- 
nent source of ‘glare which passes through its field. 


of view. Precautions must, therefore be -taken 
that the light source does not radiate light, over a 
small angle only ep less than 15°. against the 
horizon). - - - : 

. In view of successive.- ies and the Iboni 
` produced it is desirable to give light sources low 


- brightness values (i.e. large surfaces of radiation). 


In this respect an. unscreened sodium light offers 
marked advantages over mercury light. 
~ For the same two reasons it is advantageous 
to use light sources emitting few or no blue rays 
(*Selectiva" light for motor-car and cycle lamps, 
sodium light for stationary lamps). l 

By' raising the brightness level of the highway 


Surface, either by increasing the intensity of il- 


lumination or by improving the coefficient of re- 
flection of the highway surface, the dazzle caused 
by various light sourcés can usually be reduéed. 

_ Glare due to other light sources on the highway is 


many times more powerful than that due to in- . 


sufficiently screened stationary light sources, but 
the latter cause more discomfort than "might 
appear on. first consideration, mainly owing to 
' their repetitive occurrence. The ideal solution is 
therefore to illuminate the highway principally 


by stationary light sources and to screen these. 


. Bouma, 
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sources in a proper way, so that, they do nót have ` 


a'small angle of radiation against the horizon." 
š 1 ere 
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THE NEW SODIUM LIGHTING SCHEME OF THE PURLEY WAY, CROYDON 


Some time ago the extended sodium lighting l footeandle under the lamps and 0.7 footcandles 
scheme on Purley Way Croydon was put in the mid-span points on a stretch of road four 
into operation. 235 *Philora"-SO-150 W.-lamps miles long. 


in Wardle Units provide an illumination of 
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á Introduction Cows] S “ pe 


As already indicated. in previous. -articles 2. the 
«Philimil^ strip, on Which the sound tracki traced 
by a mechanical sound: ‘recorder in the Philips- -Miller 
system has to meet ‘Certain specific requirements. 

A recording strip of. this’ type consists of two 
coatings laid down on'a celluloid base, “viz, the - 
recording layer, which must be at;least 50. FTN 
thick in view of «the modulation "width required 
and the form of cutter used, and the very: thin . 


or nearly opaque to those light rays-for which’ 
the photo-electric cell hàs-its maximum sensitivity. 

With the standard types ‘of photo: electric cells. this 
range of maxinium sensitivity is situated in the 
infra-red-of the spectrum. In addition the covering 
layer must. absorb the light rays used for photo- 
graphie printing of the inscribed positive, and also» 
be as thin as possible. 7 e 

The search for a suitable strip has thus a twofold 
purpose: l 3 i 


.l) The production of a recording layer i in did a 
sound track sharply defined at the edges can be 
cut without meeting an excessiveresistance; and. 

:2) The coating, of this recording layer with a 


covering surface meeting the requirements set; 
forth above. " HE 
] LA PES » 


Bequisenisuda regarding Blackening and "Transpar- 
ency of a Transversal Sound Track 


> 


A number of requirements which the sound strip 
has to meet can be specified immediately. 

It is naturally desired to obtain an adequate 
volume of sound from the sound track with a given 
amplification. The volume range is governed on the 


.1) See Philips techn. Rev. 1, 107, 135 and 211, 1936. . 
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is composed of a gelatine layer at least 50 p thick, the actual recording layers which i ist; f 
l deposited. ona celluloid base. The recording, layer'càárries a black. {covering ayer "of colloidal | iie d 
"mercury sulphide, which is only 3 thick. and: entirely p “fiom grain;, By chemical; 
; treatment, oË the gelatin and the. addition of special substances, it has been possible 49: 
` obtain a “transparent modulated sound track with sharp boundaries. Both, |; coatings? fate: d 
` made with a high degree of; uniformity and within narrow thickness tolerances. 


^* the other, hand ;by the / ‘difference: in^ tran&miésion 
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Sunimaty. A special régistiation siib has had, to be evolved for the Philips- -Miller system. E 
Ln of sound recording, whose: characteristics arg. discussed i in the présent article. “Fhe strip l 
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one hand by stig ground n noise; as the softest sounds 


must” ‘still be above the, interference level, and on 


of light between? ‘the transpaterit and* Black portions 
of the- sound ‘track; ‘For : e given’ width: of cethe 
stationary track, this  differénge, i infact detérmines 


te Me, 


the: maximum vatiation.; -the fluctuations of light 
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ihtensity falling on. the- photo- -electric cel.: If Ty 


is ‘the’ transmissibilit $ - for "the bright: portion of 
the Strip and Tz that of the: ‘black portion 3 "then 


covering làyer. The latter. must be completely swith a 100°), modulation the? maximum. amount 


of light falling on the photo: electric cell, and ‘hence 
aine photo- electrié curr enti tipi ratediis: proporti- 
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Fig. 1. The logarithmic "elution between transparency (T) - 


and blackening (S = logio 1/T) ofthe covering layer. ‘The 


photo-electric current is proportional to the transmitted light, 
whilst for a given substance ‘the blackening is proportional 


tó the thickness of the covering layer. It is seen from the . ' 


diagram: „that above S = 1.4 the transparency (and. hence 
the photo-electrie current through’ the cell), diminishes only 
slightly, so that as regards maximum volume on reproduction, 
it isnot necessary to make the covering layer thicker than is 
requisite for this intensity of blackening. With lesser blackening 
intensities the transparency diminishes much ‘miore rapidly. 
To bring the difference between the transparencies of the 


. Clear and black sound tracks (Ty—Tz) as close as possible 


fo the maximum value of unity it is therefore. primarily 
necessary to make Tg as great as possible. | 


2) The transparency is T = Ij/Ig where Ig is the intensity 
. of the incident light and /, the: intensity of the transmitted 
light. PO od E E 
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. onal to T, and the smallest amount of incident 
light proportional to T7. so that the amplitude 
of luminous intensity is proportional to (Ty — T;). 
The maximum value of (T, — Tz) is unity, i.e. 
when the covering layer is completely opaque 
(T; — 0) and the 
absorption (Tj = 1). 


transparent layer has nil 


How thick must the covering layer be so that 
Ty — 
the transparency is plotted logarithmically against 
the “blackening” S, the latter being defined in 
photography as S = log,,1/T where T is the 


transparency. 


z is sufficiently close to unity? In fig. I 


Hence at T= 1, S70 
T= 0; S — co 
=O)... S= 1, and'so on. 


Il 


The blackening is proportional to the thickness of 
the black covering layer. If two layers with a 
blackening of S — 1 are laid one over the other, 
we get S = 2 (transparency = 0.01). Fig. 1 thus 
gives directly the required thickness of the covering 
layer. Little is to be gained by making the blacken- 
ing of the 
(T = 0.04) 


are used for the reproduction, since above S = 1.4 


covering layer greater than S = 1.4 


as measured with infra-red rays which 


the transparency is no longer much reduced, in 
other words by making the covering layer thicker 
the volume is not appreciably increased. For if a 
covering layer with S — 4 (T = 0.0001) were used, 
which would no longer be transparent, the maximum 
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volume would only be increased by 0.36 decibel, 
but to this end the covering layer should be three 
times thicker than with S — 1.4 ?). 

Summarising, we thus see that in order to 
reproduce a high volume sweep with a constant 
amplification it is essential for: 


1) the blackening of the covering layer to be at 
least 1.4; a higher value offers little practical 
advantage. 

2) the transparency of the bright portion to be 
as great as possible; (a slight fog of say 
S = 0.06, would light 


transmission from 1 to 0.87, i.e. by 13 per cent): 


already reduce the 


3) all causes liable to augment background noises 
to be avoided; the definition of the edges of 
the inscribed sound track must therefore be 
very sharp and the track itself must be as 
uniform as possible. 


The Recording Layer 


A wide variety of materials may be used for 
making the recording layer. A choice was made 
of gelatin, since investigations had indicated that 


this material offered better prospects of successful 


3) For if Tj; is put equal to unity the increase in the difference 
Tg —Tg is 1: (1 — 0.04) = 1.042, 


volume is equal to the square of this value, viz, 


and the increase in 


1.086. 
The number of decibels is obtained by multiplying the 
common logarithm of this value (0.035) by 10. If the prac- 
tical value of Ty 


0.93 is taken, we get 0.38 decibel. 


Fig. 2. The micro-photograph on the left (magnification X 60) shows a partially matt 
sound track in a clear gelatin layer. It is clearly seen how the matt portion strongly 
disperses the light and that the boundary between the matt and the bright areas is not 
sharp. The photograph on the right shows a matt sound track of 200 x magnification. 
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results than, for instance, nitro- and acetyl-cellulose 
coatings. In addition gelatin is comparatively cheap 
and the technology of producing multi-coated 
products has been thoroughly mastered in photo- 
graphicfilm factories. 

The sound track traced has to meet the following 
requirements: 


1) The track traced must be well- ditiued and 
transparent. 


2) The edges of the — track must be smooth 
and straight. l 


'8) The removed shaving must peel off easily; its. 
must not adhere to the cutter and must not 


` crumble. 


4) The wear on the cutter must he reduced to a 
minimum. r 


Special attention has been given to the first 
requirement, viz., the transparency of the sound 
track. In many materials only a matt track can be 
inscribed, which has an appearance under the 
microscope as shown in fig. 2. The surface of this 
type of trace is wholly or partially. rough, which 
naturally results in dispersion of the light rays and 
hence in reduced transmissibility, and if the matt 
-effect extends to the edges this also leads to a want 
of definition at the track boundaries, which in 
turn is responsible for ground noise. 

To ensure that the sound track is adequately. 
transparent the gelatin must be. subjected to 
specific chemical treatment, viz, partial decompo- 
sition. 

Gelatin is a product of an albuminous nature and 
is made from animal albumens found in the connec- 


tive tissues (muscles, tendons and corium) and in © 


bones. The albumen occurs in these in the form of 
complex molecular ‘chains with a more or less 
regular configuration in space. By treatment ,with 
basés the albuminous bodies are caused to swell, 
ie. water is absorbed. If they are then heated 
(thermolysis) the weak bonds are broken and smaller 
molecular complexes of colloidal dimensions, are 
. produced. The resultant product is a colloidal 
gelatin solution made up principally ‘of. albumen 
molecules, except that the complex molecules have 
become so reduced in size that they form a colloidal 


solution in water. The. configuration of the albumen ` 


‘chains is also much reduced as a result of this 
treatment. ` 
The product so obtained, with whick everyone is 


acquainted as household gelatin and as the principal ` 


vonstituent of glue, was found to be a suitable raw 


material for making the recording layer. The gelatin . 


manufacturer, however, does not always supply a 
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uniform product, since neither the final decompo- . 


sition product he aims at producing, nor the ràw 
material he uses, has to meet very specific require- 
ments. This perhaps accounts for the fact, that one 


product exhibits better sound-registration charac- 


teristics than another. To obtain the desired 
characteristics and to ensure a supply of.gelatin 
of. uniform quality the decomposition process is 
continued a stage further under controlled con- 
ditions, during which the albumen molecules are 
themselves also attacked. The chains become 
shorter and the viscosity of the aqueous solutions 


drops considerably, If this process were continued . 


indefinitely a molecular solution of amino acids 
(the well-known end products obtained on the total 
decomposition of albumens) would result, from 
which a coating could no longer. be prepared. The 
process has therefore to be continued under well- 
defined conditions as regards hydrogen-ion con- 
centration, temperature, density, etc., but only to 
a specific limit as measured, by the viscosity. 

What is achieved by this? . "E 

In the first place the differences between various 
gelatin deliveries are more or less eliminated and 
at the same time -the resistance of the recording 
layer to the motion of the cutter is reduced. The 
most important point for the sound track traced 
in thus treated gelatin is to be perfectly transparent. 
Supplementary decomposition has, moreover, the 
great advantage that. any, foreign bodies present 
adhere less tenaciously to the recording layer and 
that filtration of the gelatin mass before coating 
is easier owing to the lower viscosity. 

To prevent gelatin treated in this way from 
giving a brittle recording: layer a water-soluble oil 
is added to the gelatin solution. The addition of 
this oil makes the dried recording layer very much 
more pliable and soft, so that the presence of the 
oil permits decomposition to be carried much further, 


than would otherwise be possible. On à correct. 


choice of the hydrogen-ion concentration in the final 
coating prodüct a little free oleic acid is retained 
in the dried recording layer and acts as a lubricant 
for the cutter, this being- an advantage owing to 
the friction ‘of the removed chip along ‘the front of 
the cutter. — i 

In this way decomposition and the addition of 
an oil furnish a recording strip giving a transparent 
sound track, a satisfactory continuous shaving and 


very good definition at the edges; moreover, any . 


particles in the gelatin can be readily removed by 
filtering, and all impurities introduced later have a 


much less serious effect than with undecomposed : 


gelatin. 


J 
H 


4 
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The Covering prayer LE DN l es 


As is wall. known, 4) a trace sentes photo- 
graphically is not ‘sharply defined owing.to the 
grain of the coating. In photographic films granu- 
lation has been a hitherto unavoidable consequence 
of the | processing required to arrive. at a high light 
sensitivity. As the “Philimil” strip ‘does not need 
to be light-sensitive, the covering layer can be 
made entirely free from grain. Recent investi- 
gations have shown ‘this to be desirable, since a 
granular edge on the sound track causes a by no 
means hegligible increase-in background noise. 

, It is obvious that the application of the covering 
layer must not in any way affect the characteristics 
of the recording layer. If, for instance, an exposed 
and grain-free silver-halide gelatin emulsion were 
deposited on the recording layer and subsequently 
developed as free from grain as possible, the finished 
product would have to be passed through developing 
and fixing baths which have a specific alkalinity 


and at the same time produce a more or less 
) hardening effect. Even if developing," “fixing and 
washing : could be carried out undér closely repro- NP. 
ducible conditions, there i is still: the. difficulty that: 


the, 
Would. “adversely affect the’ cutting properties. It 
was :therefore found necessary to apply the 


treatment 


covering layer to the recording layer in such a way . 


that no finishing operations were required; moreover, 
this also makes it technically easier to meet the 


very severe requirements as regards freedom from 


impurities and foreign substances. - 

As a rule the material foy the black, covering 
layer is prepared „separately and spread on the 
recording surface in the form of a black solution 
mixed with gelatin. It is obvious from the above 
considerations that the covering power of the 
black substance must be very high, in other words 
the requisite blackening of at least 1.4 must be 
attainable with very thin layers. Many dyes which, 
when mixed with gelatin or adsorbed in it, give 
a satisfactory blackening in thick layers, cannot 
be used owing to their lack of covering power. 
It must be remembered in this connection that 
at the edges of the sound track the „thickness of 
the covering layer decreases to zero owing to the 


wedge- shaped. form of the cutter. The greater. the 


covering power, the smaller ^will:be the area at 
the wedge having a blackening of less. than 1.4. 


The covering layer of the “Philimil” strip consists . 


of a black mercury sulphide 'sol "which is easily 


prepared by chemical means and which, similar 


1) See Philips techn. Rev. 1, 107, 1936. 
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to other metallic sulphide sols and metal sols, 
possesses a high covering power. (A sol is defined 
as a colloidal solution containing no grains visible 
under the microscope). 
^ With a colloidal mercury- sulphide solution 1 mg 
per sq. cm already gives a blackening in the infra- 
red .of 2.5 to 5, ‘according-to the method of 


preparation. It is seen from fig. 3 that the blackening 


. Fig. 3. . Tight absorption rem thé covering laver of a: “Philimil”, 

strip. The covering layer of this strip was 2.4 u thick. -It is 

. Seen, that. the. blackening ; "with -the light used for printing, 
(approx. 4000 A) is three to four times greater than with 
the light | used for reproduction (approx. 8000 A), in other 
words the “covering power” of this coating is three to four 
times greater with the printing light. d 


in the visible part of the spectrum and particularly 


in the ultra-violet is much greater still. This feature 
is of Breat advantage in the photographic printing - 
of the “Philimil” positive. 

The thickness of the covering layer is 3 p, 
although it is technically possible to obtain the 


requisite blackening -with: much thinner layers.. . 


To guard against mechanical damage a lesser thick- 
ness is, however not used. 

No granulation can be observed even under the 
microscope in the mercury-sulphide covering layer, 
if it is carefully prepared. On comparing under 
the microscope a-high frequency registered by the 
Philips-Miller process with the same. frequency 
registered photographically, the greater definition 
of the former will be apparent at once (see fig. 4). 
This is due to the fact that the absence of grain 
in the “Philimil” strip firstly ensures high defini- 
tion at the edges of the track and-secondly makes it 
impossible for the apices to be masked by light 
dispersion at the grains. The latter point constitutes 


a reduction in amplitude “and, in photographic , 


registration, always results in losses in the high- 
frequency range. Fortunately, in the Philips-Miller 


, 
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Fig. 4. a) Edge of an unmodulated Philips-Miller sound track. 
magnification 
is clearly visible also in the 


100. The absence of granulation 


transparent part 


removed by the cutter wedge. 
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b) For comparison with fig. 4a: a micro-record ofa 
stationary track on an experimental film of good 


quality (photographic process). 
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c) Micro-photograph with same magnification ( « 100) 
of a sound track obtained by the Philips-Miller 
process (positive) for a frequency of 5000 cvcles. 


mechanical-registration system there is no limitation 


in this direction. 
Finishing 


The manufacture of the “Philimil” strip on the 


basis of the experimental results indicated above 
was, however. at the outset still fraught with 
various difficulties, which have in the meantime 
been overcome. 

Attention 


important requirement that the finished product 


must first be called to the very 
must cause the minimum amount of wear of the 
cutter. Wear of the cutter is principally due to 
the impact of the instrument during registration 
against inhomogeneities in the gelatin layer. By the 
special method of pre-treatment of the recording 
layer cutter wear has been reduced as far as 
possible: nevertheless any impurities or foreign 
bodies present may stil cause damage to the 
cutter edge. Every care must therefore be taken 
to avoid all impurities and to keep the materials 
as clean and free from dust as is practicable in each 


finishing stage. 
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d) The same as obtained on the experimental film 
(photographie positive). 


Foreign bodies must naturally be avoided both 
during the preparation of the coating material and 
during the coating process itself. Thorough straining 
through various filter units is repeated many times, 
after which the now thoroughly clean material has 
to be spread on a large surface of celluloid. This 
is done by passing the celluloid base over a roller 
to bring it in contact with the solutions, a certain 
portion being taken up by the strip. A greater or 
smaller part of the gelatin layer or of the covering 
layer sol adheres to the base and is caused to flow 
over it, the amount depending on the temperature 
and rate of travel of the base and the viscosity 
of the solution. After drying. the celluloid is coated 
with a black layer 50. y. thick. It is evident that 
both the coating and the drying processes must 
take place in a perfectly dust-free atmosphere. 
Also in all subsequent operations, such as cutting 
to the requisite width of sav 7 or 17.5 mm, and 
perforation, no precaution must be omitted to 
prevent dust from being deposited on the film. 
After 


tested for potential cutter wear. 


manufacture the product is scrupulously 
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Uniformity in- Thickness . 


A further source pf error in sound registration 
and reproduction is introduced by variations in 
thickness of the “Philimil” strip,’ ‘for the sound 
recording system with cutter are stationary and 
the registration strip is stretched taut on a recording 
drum. A gradual reduction in thickness of say a 
total of 25 u would reduce the width of a stationary 
track from 1 mm down to zero. Variations in thick- 
ness over the whole length of a strip, 300 m long, 
must therefore be kept within narrow limits of a 


few u. The finishing processes are so devised, 


that the total variation in thickness cannot 
exceed about 6 u and over short lengths not 
more than 4.5 u, whilst the thickness of the 
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recording. layer is not below a certain minimum. 


Uniformity in the thickness of the covering layer, 
i.e. in the blackening, is largely dependent on the 
case with which the covering layer sol can be spread 
on the recording layer. By adding various substances, 


"which, inter alia, reduce the surface tension of the 


sol, the spreading -power can be favourably in- 
fluenced. The covering layer is made extremely 
uniform by suitable adaptation of the two layers 
to one another. l 


The above considerations indicate that the 
product in question here is one which has to meet 
very severe requirements. By systematic research 
it has been found possible to satisfy these desiderata - 


. in every respect. 


AN IMPULSE-VOLTAGE GENERATOR FOR TWO MILLION VOLTS 


Rin 


By A. KUNTKE. 


` 


Summary. The method of operation and the construction of an impulse voltage generator 
‘rated for 2 000 000 volts with symmetrical voltage distribution against earth is described. 
By suitable construction the dimensions of the equipment have been made extremely small. 


A few months ago an impulse-voltage generator 
with an output of 2 x 1000 kilovolts against earth 
and 2000 kilovolts across the'poles was constructed 
"v at the Philips X-Ray Laboratory. The method of 


operation and construction of this generator are 


deseribed in the present article. 
As is well known, impulse-voltage generators are 


in common use in electrical engineering, e.g. for : 


testing insulators and leading-through units, since 


impulse voltages afford a ready means of simulating ` 


artificially the effects of over-voltages created in 
high-tension networks as a result of atmospheric 
disturbances and switching operations. 
Short-period voltage impulses are usually ` pro- 
duced by imparting a heavy charge to a condenser 
and then passing the charge to a resistance through 
a suitable switch — a flash-over spark gap being 
used in practice for this purpose. The voltage 
ápplied to the resistance. thus abruptly increases 
‘from zero to the potential of the condenser at the 


f uM 


instant the flash-over occurs; it then falls again as 
the condenser discharges through the resistance. 
This simple case is illustrated in fig. 1. If the 


Rt V Rd 
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Fig. 1. Diagrammatic sketch of an impulse voltage circuit. 
The object P under test (with capacity 'C p) is connected to 
the condenser C through a series resistance. R, and the spark 
gap V. The condenser is charged through R, and at the flash- - 
over at V is discharged through Rp. A voltage impulse is 
thus applied to the object P under test. 


condenser C is slowly charged from an undefined 
D.C. source through the resistance R; a spark-over 
will occur at the sphere gap V when the breakdown 


-voltage is reached. 


Thus, by. choosing a suitable rating for de resistance 


` 
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Ry therate of voltage-drop at the resistance can be 
varied for a specific size of condenser. 

If only the discharge resistance Rp is present 
in the circuit, its voltage will increase in an infinitely 
short period of time to the voltage U, applied to 


the condenser at the instant the flash-over occurs,’ 


and then decreases again according to the equation: 
Ug = us Ug: ele Rg 


The object P to be submitted to the impulse 


voltage is connected in parallel to the discharge. 


resistance Ry; in general P has a capacity C,. To 
avoid an oscillation being superimposed on the 
impulse, such as might be produced by the series 
capacity of C and C, and the self-induction of the 
circuit, a damping resistance R, is provided which 
suppresses these oscillations. 


The damping resistance R, in its turn affects - 


the character of the voltage impulse applied to 
the test object P, since its self-capacity C, must be 
charged through the resistance R, at the beginning 
of the voltage impulse. 

The voltage impulse applied to the test jet P 
is thus made up of two components: 


1) The voltage increase. (the wave “front”) which , 


is determined principally by the damping 
resistance R, and the capacity C, of the test 
object, and 
2) the voltage drop (the wave ^tail") which is 
'' governed mainly by the capacity C and the 
discharge resistance Rp. It is assumed here 
that C, is small compared to C. 
The variation of a voltage impulse with time is 
shown graphically in fig. 2. 


16910 . 
Fig. 2. Time function of a voltage impulse. The front is deter- 
^ mined by the charging of the self-capacity C, through 
resistance Rj, whilst the descending portion of the curve is 
determined by the discharge of the capacity C through the 
resistance R U, is the charging potential of the condenser C; 
the voltage applied to the test object is smaller than U 
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' For testing insulators the time gradients of the 
front and of the tail have been standardised in a 
number of countries in order to furnish comparable 
results of tests. The gradient of the front is defined 
by the time taken for the voltage applied ‘to the 


. test object to rise from zero to half the maximum 
potential, whilst the gradient of the tail is expressed 


by the time taken for the voltage to drop from 
its peak value to half that value. An impulse wave 


of 0.5 [50, ie. in which the half-value time of the. 


front is 0.5 - 10-5 as and the half-value time of 
the tail is 50- 1075 sec, is in common use. 
To generate very high impulse voltages (over 


approx. 200 kilovolts) the method of voltage: 


multiplication described by Marx is universally 
adopted. The impulse generator built by Philips 
is also constructed on this principle, whose method 
of application may be suitably described with 
reference to the circuit diagram of Philips impulse 


generator given in fig. 3. In Marx’s multiplication . 


circuit a group of condensers are charged in parallel 
and then connected in series by the flashover at 
the spark gap. In fig.3, C are the condensers 
which shunted by the resistances r and 
charged through the charging resistance R from 


sare 


a 180-kilovolt D.C. generator. To ensure that all” 


condensers have the same charging characteristic 
and are all raised to the same potential after a 
specific charging period, the resistances r have been 
made small as compared with the common charging 


_ resistances’ Rz. Spark gap V — the ignition spark 


gap — of the group of spark gaps shown in the 
figure is somewhat smaller than the other gaps, 
and thus gives the first flash-over. The potential 
at the succeeding spark gap.is in consequence 


increased and thus also gives a flash-over, in this 


way initiating in succession the flash-overs of the 
succeeding spark gaps. This sequence of spark-overs 


takes place in an extremely short interval of time 


so that all condensers C are connected in series ' 


through the spark gaps and are discharged through 
the two discharge resistances Ry. The discharge 


- circuit is indicated in fig. 3 by the heavy lines. 


: As indicated in the diagram, the impulse generator 


is built in two halves, each made up of 7 condensers * 


together with the associated resistances and spark 


` gaps; each condenser is charged to 150 kilovolts, 
.thus giving a total potential of 2000 kilovolts in 
; series. The maximum voltage against earth occurring 


at each discharge resistance and in each half of the 
generator is 1000 kilovolts. 

The two halves of the impulse generator are 
shown in fig. 4; in the background is the 180-kilovolt 


D.C. source enclosed in a suitable housing, the direct 


e 
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Fig. 3. Circuit diagram of the 2000 kilovolt impulse-voltage generator. All condensers C 
are charged from the 180-kilovolt D.C. source through the resistances R} and r. At the 
instant of flash-over at the spark gap V the potential at the other spark gaps is raised, 
' so that a flash-over is obtained at these also. The circuit, then set up, is shown by the 
. heavy line in the diagram; it is seen that all condensers C are discharged in series through 
"the two discharge resistances Rg. By adopting a construction in two halves and earthing 
the centre of the resistances R p, the potential is symmetrical with respect to earth. The 
voltage applied to the test object P. is measured by means of the spark gap F. 


* voltage being furnished by high-tension rectifying 
valves. At floor level between the two pillars are 
the spark gaps and on the front of each pillar is 

` the discharge resistance in the form of a wire 
resistance oil-immersed in a glass tube. The spark 


gaps with 10 cm spheres and the liquid resistances ` 


wr * * * 
` acting as charging resistances are also shown. 


The small overall height ofthe equipment is due’ 


to the compact design of the condensers. By making 
the outer walls of exceptionally ‘strong insulating 
material it has been possible to employ the con- 
densers as supporting members, for the rest of the 
‘equipment. The constructional details are the same 


" 


as adopted in certain of our X-ray apparatus !). 
À new feature as regards impulse voltage generators 
is the large metal electrode at the top, which has 
been found to serve a useful purpose in preventing 
flash-overs between the top constructional members 
at the instant the voltage impulse is applied. If 
this electrode is absent, premature discharges to 
earth occur at the high-tension metal units during 
the application of the voltage impulse, which in 
certain circumstances may induce the flash-over at a 
partial potential level, e.g. at the top condenser. The 


1) See Philips techn. Rev., 1, 6 and 178, 1936. 
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field intensities are reduced by the screen electrode 
to such an extent that these flash-overs are avoided. 

The technical data of the equipment are given 
below: 

The 2 x 7 condensers are rated for 0.01 uF per 
unit. At 150 kilovolts per condenser an impulse 
voltage of 2000 kilovolts is obtained. The impulse 
energy is then approx. 1.5 kilowatts per sec. The 
discharge resistance (oil-immersed metal resistance) 
is rated for 2 x 70000 ohms, this giving a half- 
period value of the wave tail of 70 - 10° " sec. 
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To retain the general simplicity in design of the 
equipment. means for the common regulation of the 
intermediate spark gaps have been dispensed with; 
the spark gaps must be adjusted individually. 
although if required a common control for the 
gaps can be provided without appreciable modifi- 
cation in design. 

The overall height of the pillars is 3 m, each pillar 
having a base area of 0.8 - 1.3 m. Compared with 
the performance of the equipment these dimensions 


are extremely small. 
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Fig. 4. Construction of the 2000-kilovolt impulse-voltage generator. At the rear is the 
enclosed 180-kilovolt D.C. source: between the two pillars is the ignition spark gap V. 
The discharge resistances Rj, are located on the fronts of the pillars, the condensers being 


constructional members of the two pillars. The upper screen electrodes, which prevent 
partial flash-overs, are also shown. The sphere gap for measuring the total voltage and 
the connected test object are not shown in the picture. 
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ELECTRICAL FILTERS I 


Vacation Course, held at Delft, April 1936. 


; |. ° By BALTH. VAN DER POL and TH. J. WEIJERS. 


Summary. In this series of articles (originally forming a vacation course) the theoretical 
and practical constructional principles relating to electrical filters are discussed. The 
` general characteristics of networks compounded of an arbitrary choice of impedances 
provide a starting point; various equivalent networks for any arbitrary filter are also 
dealt with. The properties of the simplest types of filter units in common use are deduced 


and then applied to high-pass, low-pass and band-pass filters. It is shown how, from 


‘these filter units, a compound filter can be built up to meet specific requirements. Finally, 
' eircuit-closing phenomena with low-pass and high-pass filters are discussed. In this first 
article an introduction is given to the general characteristics of linear networks and filters. 


Introduction 


Electrical filters are networks with a number of 
external terminals whose branches are composed 
of impedances of which all or some are dependent 
on the frequency. The most common form of filter 


.has two primary and two secondary terminals. 


A network with four external terminals is called 
a four-pole or quadripole; if there are two primary 


^ and two secondary terminals the network is termed 


a di-dipole. As the impedances are dependent: on 


-the frequency, the ratio of the secondary current 


to the primary current is also dependent on the 


` frequency. The general purpose of filters is to permit, 


the free passage with minimum attenuation of 


, frequencies within one or more specific frequency 


ranges, the frequencies ir all other ranges being 


attenuated. The transmitted frequency range is ' 


termed the transmission band and the latter the 


_attenuation band. 


The filters in most common use are the followin g 


(a) -Low-pass filters, which permit those fre- 


: quencies to pass with minimum attenuation 
which are below a specific limiting value and 

. attenuate all frequencies above this limit. 

b) High-pass filters, which permit frequencies 

^. to pass with minimum attenuation which are 

above a specific limiting frequency and atte- 

nuate all frequencies below this limit. 


` 


c) Band-pass filters, which permit only fre- 


quencies to pass with minimum attenuation 


which are situated within specific. frequency 


limits and educa all frequencies beyond these 
» limits. 
Between the transmission and attenuátion bands 


` there is always a transition range; in fact it is 


fundamentally impossible to obtain a discontinuous 
(sharply-defined) limit between.these two bands 


if all frequencies pass through the filter with the 
same velocity, such that thé phase lag is` pro- 
portional to the frequency. For it can be shown 
mathematically that such a filter would cause a 
signal to arrive before it has been transmitted, 
which is naturally impossible. . 

Electrical filters, find their principal use in 
telegraphy and telephony as well as in cable 
and wireless circuits and in television. 

The fundamental principlés on which the theory 
and construction of filters are based, were developed 
by Lagrange (1736—1813), Heaviside (1893), 
Campbell and K. W. Wagner (both in 1915) 
and in subsequent years by Zobel, Carson, 
Le Corbeiller, Brillouin, David, Cauer, Bode, 
Küpfmüller and others. 

The theory of filters may be divided into two 
sections: 

Filters with a sinusoidal e.m.f.; and 
Filters operating under the action of an impulse 
or an abruptly-applied and subsequently-constant 


voltage (transient phenomena). E 


l) Filters with sinusoidal e.m.f. 


The theory of these filters can be developed in a 
variety of ways. In their niost recent analysis the 
theory of matrices and groups, as well as complex 
functions, occupies a prominent position. If con- . 
sideration is restricted to the practical design of 
filters, the application of elementary mathematical 
analysis already permits substantial progress to 
be made. The hyperbolic sine and hyperbolic cosine 
functions are Eod employed, being defined’ 


as follows: 
: 1 . 
E sn LL — eT 


ash T= cos jT= 1f, (e” +6), 
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„and analogous to: cos?T' + sin?T = 1 we also have: 


cosh? T — sinh? T = 1. 


2) "Beh of filters under impulses 
(transient phenomena). 


- The study of this subject requires the application : 
of the higher branches of mathematics, although 
with the aid of the operational caleulus of Heaviside 
we can in many cases reduce the requisite calcu- . 
. lations to an onary form. 
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Division of Lectures. M 


The subjects to be dealt with have been spread ' 


over four lectures as follows: 

Lecture I (van der Pol): Introduction into the 
general characteristics of linear networks and 
filters; d 

Lectures II & III (Weijers) Application of 

. fundamental principles to the practical treatment 
of special filters with sinusoidal e.m.f.; . 


Lecture IV (van der Pol): Switching operations. 


, with low-pass and high-pass a: 


TETBEBUGDION INTO THE GENERAL CHARACTERISTICS OF LINEAR NETWORKS AND FILTERS. 


Consideration will be eed to networks which 
are: 

1) Linear, ie. the components (resistances, self- 

inductances, capacitances and mutual induct- 


ances) are independent of the current or 


voltage; 

2) Passive, ie. having no internal source of 
energy; | 

3) Containing only positive components, except 
mutual inductances, which can also be negative; 

4) Invariable, ie. the characteristics of the 
components do not vary with time; 

5) Freefromgyroscopicterms,thus conforming 
to the reciprocal theorem described below: This 
condition is always fulfilled under the con- 
ditions 1—4, if the elements of the filtor are 
not coupled with a mecbanical system or if 
this coupling is purely electrically. 

These networks conform to three fundamental 
principles: ` 


- 1) Principle of Superposition ` 


If in a circuit an emf. E,(t) applied to ‘the 
branch A produces a current J,(t) in^ another 


branch B, and a subsequent e.m.f. E,(t) in A’ 


produces a current [,(t) in B, then according to 
the principle of superposition, if the sum of the 
electromotive forces E,(t) + E,(t) is applied in A, 
the current obtained in B will be the sum of the 
current I,(t) + I,(t), or in other words; if two forces 
act at the same time, the result is the sum of the 
results obtained if either of the two forces act 
alone. 
` 2) Reciprocity Theorem 

The reciprocity theorem states that if an e.m.f. 
E,,(t) applied to the k-th branch produces a current 

of I,,(t) in the l-th branch, then if subsequently 
the same e.m.f. E,(t) is applied to the l-th branch, 
the same current J,,(#) as previously obtained in the 
l-th branch will be obtained in the k-th branch. 


^ * à ~ 


exception of the external terminals. 


3) Conservation of Fiéneüby. 


The principle of the conservation of frequency 
states that if a sinusoidal e.m.f. with a frequency v, 


is applied to any branch circuit of the system, then : 


all other voltages and currents in the.system will 
have the same frequency v, 


Simplification of Networks ' 


In networks with the above characteristics a 


node with n converging branches can always be. 


converted into a complete n-sided polygon for.a 
specific frequency, without the voltages and currents 


. in any of the other branches being altered. By. a 
n-gon is implied that in addition to | 


“complete” 
the n sides all diagonals are also present. A complete 
n-gon thus has a total of !/, n (n — 1) branches. 

By a single application of this transformation 
the number of nodes in the network is reduced by 
one; So that by repeated transformation it is possible 
to eliminate all the nodes from a network with the 
We shall 


discuss here .only networks with four external 
terminals, so that the network can be reduced 
to a T Doce ‘(see fig. 1) made up 
ud 1p = 


of th - 6 elements. The most 


Fig. 1. Six impedances forming a complete quadrilateral and 


to which any arbitrary quadripole cz can be reduced.. 
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general quadripole is thus determined by six 
elements. , 
The quadripoles soul as are represented by 
filters are, however, of a special type. We are here 
only interested in the voltages between the primary 
poles 1 and 2. on the one hand and between the 
secondary poles 3 and 4 on the other. Outside of 
the filter there is no electrical connection between 
the pair of terminals 1 and'2 and the pair 3 and 


4 (fig. 2). 


46920 


Fig. 2. Di-dipole, a special form of quadripole, which is defined 
by only three impedances, where the four external terminals 
1, 2, 5 and 4 are divided into two primaries { and 2 and two 
secondaries 5 and 4. Externally to the di-dipole there is no 
electrical connection between the primary terminals on the 
one hand and the secondary terminals on the other. 


It may be shown that, owing to these restrictions, 
applied to the general quadripole and which reduce 
the latter to a di-dipole, only three impedances 
are required for defining the characteristics of 
the network. 


Various Ways of Defining a Filter by Three Para- 


: meters 


The three impedances which are sufficient for 
defining a filter can be regarded as distributed 
in a quadripole in. various ways, the different 
configurations being mutually transformable with- 
out the external characteristics of the filter being 
altered in any way. If the filter is symmetrical, 
ie. if the external currents and voltages remain 
unaltered, when the primary terminals are made the 
secondary terminals and the secondary the primary, 
two impedances will be sufficient for defining the 
filter. In the. large table on pp- 242 and 243 the 
three determinant impedances (for symmetrical 


filters, two impedances) are represented in various: 


ways, together with the conversion formulae for 
transformation from one system of variables to 
another. In place of three determinant impedances 


` three other mutually independent parameters can 


also be used, or also four parameters with one inter- 
relation. 


^ 
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. In the table each filter is defined in succession by: 


a) 


 .and secondary 


the four coefficients of its analytical expression: 
V, — aV; + Bl; 
TM I, = yV: + ôl 


in which the four coefficients a, f, y and ô 
are eonneeted by the expression: 


aó—py- 
the primary input impedance Z,, with the 
secondary terminals open-ċircuited, the primary 


-input.impedance Z,, with the secondary ter- 


minals short circuited, the secondary input 
impedance Z,. with the primary terminals 
open circuited and the secondary i e secondary input imped- 
ance Z,, with” the firimary impedance EYE epee where 
these eiae i Short c circuited axe inter- 


related as follows: 
ZZ. ao = Zu] Zw, » 


the primary image impedance Z,, the secondary 
image impedance Z, andthe propagation 
constant T, being defined as follows: If the 
secondary side is terminated in an external 
impedance Z,, then the impedance between 
the primary terminals is Z,; if the primary 
side is terminated in an external impedance 
Z,', leaving the secondary terminals open- 
circuited, then the impedance between the 
secondary terminals is Z,. If the values of Z, 
and Z; are so chosen that Z, = Z; and Z, —: 
Z, then Z, and Z, are termed the primary and 
secondary image impedances. The propagation 
constant is then defined as: 


Ax y2 i. 


the primary iterative impedance K,, the second- 
ary iterative impedance K, and the propa- 
gation constant J’, being defined as follows: 


On shorting the secondary side with an imped- 


` ance K, the filter when seen from, the primary 


side, similarly has the impedance K; on 
shorting the primary side through an impedance 
K, the filter similarly has an impedance K, 
as seen from the secondary side. These imped- 
ances K, and K, are termed the primary 
iterative impedances; the 
propagation constant J" is then defined as: 


1 ; 
22 = e, 
(this propagation constant /'is only equal, to 


the propagation constant referred to under c 
in the case of a symmetrical filter); 
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c) cable defined by its impedance R + jwL and 
its parallel admittance A + jo ; 

f) a network in the form of a T with the three 
impedances Z,, Z, and Z;; , 

g) a network in the form of a TT with the three 
impedances P,, P, and P; 

h) -a symmetrical -lattice network with the two 
impedances ¢, and >, each occurring twice 
(this circuit corresponds to an ordinary bridge 

. circuit, fig. 3). 
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Fig. 3. Two methods of representing the sáme di- dipole; 
a symmetrical lattice network and a bridge circuit. 


Tt should be noted that definitions e) and h) 
. apply only to a symmetrical filter; the other 
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definitions are based on an unsymmetrical filter; but 


become simplified when applied to a symmetrical | 


filter. Thus for a symmetrical filter a = 6; Z, = Zus” 
Loo = Zio Za = Zy K, = Ky Z = Zy Py Po. 
"As already indicated, any arbitrary filter can be 


. regarded as compounded in any one of the ways 


a), b),.c), d), e), f), g) and h), where e) and h) apply 
to symmetrical filters only, and in place ‘of a 
filter, it is thus possible to substitute that network 


. which will be the simplest for the particular case 
- under consideration. In principle all networks given 


are equivalent and the table enables each method 


- of representation to be transformed to any other. 
‘On transformation to another. frequency inde- - 


pendent calculation should in general be carried 
out, as, impedances are usually obtained whose 
frequency dependence cannot be realised in practice. 

The general characteristics found are employed 
in the solution of practical problems relating to 
the construction of high-pass, low-pass or band- 
pass filters to meet specific requirements, a subject 
to be discussed i in n subsequent lectures. F 
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THE COMMUNAL AERIAL 


By.J. VAN SLOOTEN. 


Summary. This article describes the electrical construction and. method of operation 
of the aerial-signal amplifier “Antennaphil”. With this apparatus it is possible, to supply 


aerial signals to a large number of receiving sets in a block of flats by using a single aerial 
only. Aerial-signal amplification also eliminates interference in reception. E Ë 


P4 


Introduction | 


In large towns and cities the provision of a good 
aérial is usually fraught with serious difficulties, 
particularly in houses divided up into self-contained 
flats. Ás a rule it is not an easy matter to erect 


on one and the same roof a large number of separ-- 


ate aerials which would satisfy the requirements 
of alllisteners. There is also the additional difficulty 
that in some places radio reception is practically 
impossible owing to interference from electric 
motors and other apparatus. f i 
To surmount these difficulties a communal aerial 
-system was evolved some years ago in these 
Laboratories and marketed under the name- of 
“the “Antennaphil”. Briefly, this system operates 
in the following manner: An aerial of suitable 
dimensions and quality is erected at a point where 
interference is limited, e.g. 20 ft. above the roof. 
Through a specially-screened lead-in, which is made 
„as short as. possible, the aerial is connected to a 
so-called aerial-signal amplifier from which the 
- incoming signals are transmitted to a number of 
receiving sets through ‘a screened distributing 
circuit (lead-covered cable): As a rule up to 50 sets 
can be connected to an aerial fitted with this form 
of amplifier. The arrangement can also be employed 
quite satisfactorily with a smaller number of sets 
where reception sufficiently free from. interference 
can only be obtained at a distance of several 


hundred to a thousand yards. These Laboratories g 


håve had an aerial of this type in use for several 


‘years in order to ensure reception free from all 


_interference. The aerial and “the aerial-signal 
amplifier are located about 200 yards from the 


laboratory on a building estate, and the supply ` 


cable for the amplifier and the high-frequency 
distribution cable from the amplifier are’ laid 
' underground. E 


Mie E WERE 


` The amplifier consists essentially of: 
a) an electrical filter unit, . 
b) anumber of amplifying valves (high-frequency 
pentodes) and 


c) two output transformers for matching the 
valves to the distribution cable. 


In addition to the characteristics of the amplifier, 
those of the high-frequency distributing cable are 
also important, and as these closely determine the 
operation and design of the amplifier a brief dis- 
cussion of the cable characteristics will not be out 
of place here. ' 


The High-Frequency Distributing Cable 


For the present purpose the best type of cable 
to use is a coaxial or concentric high-frequency 
cable, a diagrammatic section of which is shown 

A Pag 


Fig. 1. Section through a high-frequency cable. a — Radius 


of core, b and c — internal and external radius of sheath.’ . 


For a specific value of b/« the attenuation of the cable is 
a minimum. With a copper core and a lead sheath b/a must 
for instance be 5.2. : i . 


in fig. 1. The diameter of the core is 2a and the 


internal diameter of the sheath 2b, the external 2c. - 


h 
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The intervening space is usually filled with a dielec- 
tric (paper or rubber), but may also have a partial 
air space. This insulating medium can be charac- 
terised by two constants, the dielectric constant'e 
and the phase difference 6. The. tangent of the 
phase difference is given by the ratio of the effective 
current to the capacity current (per unit of length) 


and with air as dielectric is nearly unity. In cables. 


with a good quality paper or rubber insulation 6 is 
0.01 to 0.025. Over the range of radio wave lengths 
6 is practically independent of the frequency. In 
addition to the sectional linear dimensions of the 
‘cable, this. phase difference also determines the 
attenuation sustained by the oscillations during 
their passage through the cable. 

The principal factor governing the practical 
efficiency of the cable is the so-called characteristic 
impedance. A remarkable property of a homo- 
geneous cable is that its impedance measured at 
the input terminals tends towards a specific limiting 
resistance (the characteristic impedance) when the 
cable is made infinitely long. If the frequency is 
made sufficiently high, this resistance is practically 
independent of the frequency. 

It follows from this property,of an infinitely 
long cable that the input impedance of a finite 
cable will also become equal to the characteristic 
impedance if the -resistance of the load at the 
output terminals is equal to the characteristic 
impedance; for in this way the same effect is 
produced as is obtained by prolonging the. cable 
with an infinite length .of equivalent cable. Under 
these circumstances no reflection therefore occurs at 
the ends and a true progressive wave is produced. 
This is the result desired, since the reflected wave 
travelling in the opposite direction may interfere 
with thé advancing wave and thus generate nodes 
and antinodes in the voltage, which would prove 
very disturbing. With this type of disturbance an 
inadequate signal voltage would be obtained in 
any receiver connected to a nodal point of the 
cable. It is apparent from the above considerations 
that the cable must be a straight-through conductor 
without any taps or branches. 


When designing the distributing system the first. 


point to be considered is the choice of the optimum 
characteristics of the cable. The characteristic 


impedance should be fairly low, e.g. 60 ohms, 


` for the cable is also loaded with the input impedances 
of the connected ‘receivers. Hence, by using a cable 
with a high characteristic impedance the voltage 
distribution through the cable would be subject 
to serious interference. Another consideration also 
indicates the need for a low characteristic impedance. 


to 
— 


^ 


The question must be raised as.to what must be . 


the core thickness in a cable with a given thickness 
of lead sheathing (as determined, for instance, by 
cost considerations) in order to obtain the lowest 
possible drop in amplitude per unit length of the 
cable. 

With a lead sheath and a copper core we get 
for the ratio of b to a (see fig. 1): 


alo 


and for this ratio the characteristic impedance is 
similarly of the order of 60 ohms 1), independently 


, of the absolute value of the diameter. 


Having determined the value of this ratio, we 
can also calculate the lowest absolute values for 
these diameters. The attenuation losses in the cable 
can be resolved into the copper losses in the 


insulation, which are determined, by the ‘ohmic 


resistances of the core and the sheath, taking into 
consideration the skin effect and the dielectric 
losses in the insulation, which are proportional to 
the phase difference already referred to. The latter 
damping effect is determined solely by the insulating 


‘material and is independent of a and b. 


Analysis of the copper losses gives equation (1); 
these losses can also be-reduced as required by 
increasing the cross-section of the cable, but this 
is naturally of use only-as long as the dielectric 
losses do not predominate ?). S 

A practical example is, for instance, the following 
cable’ in which the attenuation due to the copper 
losses is equal to that due to the dielectric losses at 


a wave length of 200 m. 


2a = 2.5 mm, 2b = 13 mm, e = 2.5; 
ô = 0.02, Z = 63 ohms. ` 


With a wave length of 200 m this cable produced - 


an overall attenuation of 1 neper, ie. a trans-. 
mission loss factor of 2.72 per km. With higher 


1) The exact formula is: 


where p, and 9, are the specific resistances of the materials 

of the sheath and the core. The relationship between the 
" characteristic impedance Z, the values a, b and the 

dielectric constant ¢ of the insulating mnterial is: 


S Ve a 
If e.g. we put € = 2.5 and take & from equation x 
a 


we get Z = 63 ohms... 


For rm details and the derivation of equation (la) 
see Radio-Nieuws, 17, 77, 1934. 
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Fig. 2. General view of the aerial distributing system. a — — b — lead in, c — aerial- . 
signal amplifier, d — high-frequency distributing pun e — branch boxes, M — lead, 
g — receiving set, h — terminating resistance. 


wave lengths the attenuation diminishes, whilst 
with shorter wave lengths it increases; in the latter 
case dielectric losses also predominate. 

Actually this cable is more than adequate for 


the purpose intended. For a receiving system where 


the cable is not more than 200 to 300 yards long 
a much thinner cable could also be employed with 
still satisfactory results, and it is then also possible 
to use one of the many low-capacity cables, which 


‘in general have a characteristic impedance .of 100 


to 150 ohms, for the screened aerial lead-in. 
Fig.2 gives a general view of the receiving 
system, where a is the aerial, b the aerial lead-in 
for which a screened low-capacity should be used 
for preference, c is the aerial- -signal ` amplifier, and 
d the high-frequency distributing cable: The 
phantom aerials for eliminating the “effect of the 


- cable on the tuning of the- receiver and which 
consist of a 200 [ITA S condenser and a 30- ohm 
resistance connected in series are accommodated in. 


the branch boxes e inserted in the cable. Tò 


connect a branch box to ‘a receiver ga flexible 


screened cable f with a low capacity not exceeding 
40 uuF per metre and not more than 3 to 4 yards 


: long should be used. The earthing terminal of the 
receiver is connected directly to the. cable sheath 


and is not separately earthed. À box with a terminal 
resistance h is located at the end of the cable, 
through which the sheath is earthed. 


. The Aerial-Signal Amplifier 


A. simplified circuit diagram of an aerial-signal 
amplifier is given in fig. 3. The aerial voltages are 


passed to the grid of an amplifying valve (preferably - 
a tetrode or pentode), the anode of this valve being 
connected to the cable impedance.Z through an 
output transformer T. As the valve has a high 
internal resistance and the impedance of the cable 
is low, it is necessary to step down n times through T. 


16907 


Fig. 3. Simplified circuit of an aerjal-signal amplifier. The 
. alternating voltages generated at the resistance R are amplified 


and passed to the distributing:cable.Z through a transformer T, 
which serves for matching the characteristic impedance of the 
cable to the valve. : 


` 


en investigation indicates; however, that a ` 
simple amplifier of this type is unsuitable for trans- 


_mitting a wide frequency sweep. The principal 


reason for this is the limitation sustained in the 
frequency as a result of the adverse capacity 
connected through. the primary . winding. This 
undesirable capacity is principally made up of 
the capacities of the valve and leads and the self- 
capacity of thé winding. 


The explanatory circuit in fig. 4 shows how the voltage E, 
is produced through the ptimary winding of the transformer. 
The valve has been replaced by the current source V gS 


'(S = slope, V, = grid alternating voltage); C, represents 


& : : 
the total undesirable capacity, L, is the self-induction of 


the primary winding and n°Z the secondary load resistance 
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transformed on to the primary side. The secondary output 


voltage is n times smaller than E}. 


/6905 
Fig. 4. Explanatory circuit for the circuit shown in fig. 3. 
L, — primary self-induction of the output transformer T. 
C, — adverse capacity. The current source s V, takes the 


place of the amplified aerial voltage and the impedance 
n?Z is in place of the transformed load resistance. At very 
low frequencies the alternating current is removed through 
Lı and at very high frequencies through C}. A maximum 
amplification is obtained at œ? L; C, = 1. 


It may be seen from /ig. 4 that in the absence of C, and with 
a sufficiently high self-induction L} the primary impedance 


is determined by n~Z, and would require a high ratio of 


transformation n. This also applies when C, is present and 
C, is 
in resonance with the incoming wave. But if C, becomes so 


is of sufficiently low rating, or when the circuit L 
great that its impedance determines the voltage Ej, the 
highest cable voltage is obtained with a low ratio of trans- 
formation n. Thus, C, determines the ratio which must be 
employed and with a higher wave length will be greater than 


e 
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with a short one, as the impedance of C, increases with the 
wave length. 


The following conclusions may therefore be drawn: 


1) The adverse influence of the undesirable capac- 
ity increases as the wave length is reduced. 
2) 'The smaller the wave range to be amplified, 
the better can use be made of a resonance 
between the primary capacity C, and the self- 


induction L, for eliminating the adverse effect 


of Cp 


3) It is therefore advantageous not to amplify 
the whole wave range through a single amplifier 
and output transformer but to divide it up 
and amplify the components separately in 
parallel amplifying stages. whose output volt- 
ages can again be combined. In practice the 
wave range is divided into two components: 
the broadcasting range with wave lengths from 
200 to 2000 m and the short-wave range from 
20 to 55 m. 

Fig. 5 gives a view and fig. 6 circuit details of 
the aerial-signal amplifier. On the right are two 
valves III and IV in parallel for amplifying the 
broadcast wave range, and further to the left two 


valves I and JI for amplifying the short-wave 


e e 
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Fig. 5. View of the amplifier, open, showing the rectifying valve for the feed circuit (a), 
the mains connection (b), the mains switch (c), the change-over panel (f) for adjustment 
to various mains voltages, the amplifying valves (e), the two output transformers (fand g) 
and the connections for the aerial and the distributing cable (h and i). 


* PHILIPS TECHNICAL REVIEW 


Fig. 6. Circuit cable of the aerial-signal amplifier. The valves / and // amplify the short 
waves and valves /// and IV' the broadcast waves. The circuit components C}, Cy, C3, * 
Sj S5, S3, Ry, Ros Rg, constitute the filters for the two wave-length ranges. Cg prevents 
the winding of the short-wave transformer from shorting the broadcast-wave transformer’). 


range. The secondary windings of the two output 
transformers are connected to the input terminals . 
of the cable. The condenser C, is necessary here to 
prevent the secondary winding ‘of the transformer 
for the short-wave range from shorting the winding 
of the broadcast-range transformer with which it 
is in parallel. ` E 

On the left of fig. 6 there are a number of con- . 
densers, coils and resistances, which are inserted 
between the aerial and the grid of the amplifying 
valves. The main purpose of these units is to allow 
only those frequencies to pass to the valve grids 
which are to be amplified, for owing to the curved 
characteristic of the valve (anode current plotted 
against grid volts) it is possible for disturbing 
oscillations to be generated in the valve with fre- 
quencies which are the sum or différence of the 
frequencies passed to the grid. The risk of this ^ 
interference materialising is considerably reduced if 
' unnecessary frequencies are prevented from reaching 
the valve grids. - 


The units inserted between the aerial and the grids constitute 
a filter system which may be regarded as a combination of 
the simple filters shown in figs.'7 and 8. The filter in fig. 7 
allows low frequencies to pass, and that in fig. 8 high fre- 
` quencies. The limiting frequency is given in both cases by 
c? LC —1 (w = 2xf, where f is the frequency). The resist- . 
ances R serve for suppressing the peaks in the neighbourhood 
of a frequency of c. In both figures | is the transmission 


s 
a ^ 


The latest design also contains two filter circuits, which- : 
suppress interference from any powerful local transmitting 
stations. To simplify the circuit diagram these have not 
been included here. . 


3) 


+ 
i 


curve with a low resistance R, and Jf the transmission curve 
for a high resistance. 

The various circuit components in fig. 6 serve the following 
purposes: C5 and S, prevent wave lengths exceeding 55 m from 
reaching the grids of valves / and |f. The input capacity 
of these valves is in parallel to Sp, so that resistance Ro is 
required to suppress any disturbing resonance. 1 

S, and the input capacity of valves ||| and IV prevent 
-wave lengths of less than 200 m being impressed on the grids _ 
of these valves. Finally, C} and S4 prevent wave lengths of 
‘over 2000 m reaching the grids of valves III and IV. 

R, and R} are damping resistances which are so rated 
that the resonance peak is not entirely suppressed with wave 
lengths between 200 and 2000 m. 


> ` L R 
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Fig. 7. A filter which suppresses frequencies above a limiting 
frequency of w,/2x (low-pass filter). : 
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In fig.9 the aerial voltage furnished by the 
amplifier to a load of a resistance of 50 ohms is 


% 
1007 
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Fig. 8. A filter which suppresses frequencies below a certain 
limiting frequency wọ/27% (high-pass filter). The limiting 
frequency is determined by w LC = J. Figs. 7 and 8 also 
` show the transmission curves for the two filters: | for a low 
resistance R and Jf for a high resistance R. 
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plotted against the wave length. The graph shows 
the subdivision into a short wave range and a 


broadcast wave range, which are obtained with | 


resonance peaks partially smoothed by resistances. 
The resonance peaks 2 and 5 are due to filters of 
the type shown in fig. 8; peak 3 is due to'a filter 
of the type shown in fig. 7, whilst peaks. 1 and 4 
correspond to resonance frequencies of the output 
transformers for the short-wave and broadcast-wave 
ranges. 


Fig. 9. Aerial voltage at a resistance of 50 ohms plotted against . 
the wavelength. The peaks 2 and 5 are duc to the high-pass 
filter and '5 to a low-pass filter; | and 4 are the resonance 
frequencies of the output transformers. 


4 


252 PHILIPS TECHNICAL REVIEW Vols, 15. N6::8 


SHORT NOTICES 


Sodium lighting of tennis courts 


The problem of lighting tennis courts is of special 
interest as two requirements in particular have to 
be satisfied which, although also of importance in 
all illumination problems, yet have a special signi- 
ficance in this case; these are complete freedom from 
glare and high speed of discrimination. Both these 
requirements are exceptionally well fulfilled by a 
lighting system employing sodium lamps. As regards 
the danger of glare, experience has shown that the 
presence of a source of light in the field of vision 
is less disturbing with sodium lamps than with 
other light-sources of an equivalent total candle 
power. This fact is obviously due to the com- 
paratively low luminous density of sodium lamps. 
although no satisfactory agreement has yet been 
obtained in the various attempts to arrive at 
quantitative determination of the disturbing effect 
of the glare produced with different types of light. 
With reference to the second factor, viz, high speed 
of discrimination, Arndt, Bouma, and Luckiesh 
and Moss established almost simultaneously that 

- as 


was recently 


confirmed by Weigel — 
the speed of discriminating objects is greater 
with sodium light than with other types of light. 
The speed of discrimination is defined as the time 
during which an observer must view an object 


in order to be able to recognise a specific detail 


of it with more than fifty per cent certainty. A 


Fig. 1. Lighting fixtures of tennis courts with sodium lamps 


illuminated. 


similar task has to be performed by tennis players, 
who must be able to detect the exact location of 
the ball during its rapid flight. 

Modern sodium lamps thus give a very satis- 
factory solution to the problem of illuminating 
tennis courts. As the glare factor is small, the lamps 
can be given a wide angle of radiation, and as a 
result uniform illumination is obtained even when 
the lamps are suspended at a low level, a low 
mounting height being desirable in order to obtain 
intensive illumination at a minimum of cost. 

The illumination of tennis courts is particularly 
important in regions with a tropical climate where 
the heat renders play during the day impossible, 
and where during the evening, when the atmosphere 
is cooler, darkness sets in very quickly. Three open- 
air tennis courts in the Netherlands East Indies 
were recently equipped with sodium lamps, viz. 
one at Banjermasin and two at Sourabaya. Good 
results have been obtained in this case with an 
arrangement of eight sodium lamps (*Philora" SO, 
150 watts) in two rows on both sides of the courts. 
These lamps are situated 20 ft. above the ground. 
Since little experience is as yet available of this 
special lighting problem it is possible that a still 
better arrangement of the lamps may yet be 
evolved (e.g. more lamps placed closer together). 
Fig. 1 shows the suspension of the lamps and fig. 2 
an illuminated tennis court. 


Fig. 2. Tennis court with sodium illumination. 
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PRACTICAL APPLICATIONS OF X-RAYS FOR THE EXAMINATION OF 
MATERIALS VII 


By W. G. BURGERS. 


The X-ray photographs, obtained with mixed 
crystals (solid solutions), which were described in 
the previous article in this series, can frequently 
be utilised for the “indirect” detection by radio- 
graphic means of an admixture in a specific com- 
pound. In many cases the principal constituent is 
able, to take up an impurity in “solid solution", 
in other words the admixed body is not present 
as a separate phase, but forms a mixed crystal or 
solid solution with the chief substance present. This 
behaviour is observed, not only with substances 
having a similar crystal structure, i.e. with the 
formation of isomorphous crystals, but also with 
bodies which crystallize in entirely different systems 
and even when one of the components is a gas. The 
mixed crystal then assumes the crystalline form 
of the predominating component. 

As was indicated in the previous article (VI), 
this 
analysis by a displacement of the interference lines 


phenomenon becomes apparent in X-ray 


for the principal component, such displacement 
being exhibited by a greater or lesser angle of 
deviation of the dispersed X-rays from the direction 
of the incident beam, according as the crystal lattice 
of the principal component is either “expanded” 
or "contracted" by the admixture. Although the 
impurity is not necessarily detected by this means 
and cannot therefore be identified, it is yet possible 
to establish that the principal product is not entirely 
pure, which in many cases is already of great 
importance. The two following examples illustrate 
these points. 


Examination of the radiographs of the series of copper- 
nickel mixed crystals reproduced in fig.l of the previous 
article will show that the inner lines have suffered much 
greater mutual displacement than the outer lines. This 
striking effect is due to the method used in making the 
photographs. The "sensitivity" of the angle of diffraction 
to a change in the interatomic distances is in fact greatest 
for those lines produced by rays, which are deflected to the 
greatest extent from the direction of the incident radiation. 
These lines are situated at the two ends of the film in a 
"normal" exposure, where the film is so fixed in the camera, 
that the undeflected X-ray, on leaving the camera, passes 
through a hole in the middle of the film (cf. fig. 1a; see also 
fig. 2 of article I in this series, Philips techn. Rev. 1, 29 1936). 
Better results are obtained when the film is placed in the 
camera in the manner described by van Arkel!), so that 


1) A. E. van Arkel, Z. Kristallogr. 67, 235, 1928. 


the X-ray passes through a hole in the film, not on leaving 


but on entering the camera (see fig. 1b): With such a 
g Jig 
a - x T eee 
V f 
-— 
b ae > 3 
X en 
Fig. la. Normal position of film. The “sensitive” lines 


(2 © slightly smaller than 180 deg.) are situated 
at the ends of the film. 

b. “Reversed” film. The “sensitive” lines are at the 
middle, giving the advantage, that the measurement 
of the distances of the sensitive lines is less affected 
by shrinkage of the film during drying. 


„reversed“ film the „sensitive“ lines are situated at the middle. 
which has the advantage, that the accuracy in measuring the 
interatomic distances for the sensitive lines is less affected 
by the shrinking of the film during drying. Fig. 2 again shows 
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Fig. 2. “Reversed” X-ray photographs of isomorphous 
crystalline preparations. 

a) Thorium oxide, ThO, 

b) Metallic thorium, Th. 
Corresponding lines on both diagrams are connected with 
each other. It is clearly shown that the inner lines have 
undergone much greater mutual displacement than the 
outer lines. 


clearly the marked difference in displacement between the 
inner and outer lines. The top exposure was obtained with 
thorium oxide Th0,, and the lower one with metallic thorium 
these two bodies being “isomorphous”, as regards the mutual 
arrangement of the thorium atoms, except that the distance 
between the Th atoms is much greater in the oxide than in 
the metal, 


15. Excessive Tantalum Content of Tantalum 


Carbide ?) 

It was stated in example 9 (article V, Philips 
techn. Rev. 1, 188, 1936) that in the preparation 
of highly the 


isolation of the metal itself sometimes takes place. 


of carbides refractory metals 


à 


*) W. G. Burgers and J. C. M. Basart, Z. anorg. allg. 
Chem., 216, 223, 1924. 


254 PHILIPS TECHNICAL REVIEW 


Vol. 1; No:-8 


The radiographs of certain filaments of zirconium 
carbide thus contain, in addition to lines due to 
the itself, 


zirconium (loc. cit. fig. 1). In these cases the metal 


carbide also those due to metallic 
has at least partially become separated in the free 
state as an independent phase alongside the carbide. 

In making filaments of tantalum carbide the 
same phenomenon has been sometimes observed. 
whilst 


pattern of only the carbide lines. These wires, which 


other wires were obtained which gave a 
appeared identical on examination with the naked 
eye (having a light to golden yellow metallic lustre), 
could, however. be distinguished when strongly 
heated im vacuo, a behaviour which was naturally 
carefully observed in view of their possible use 
as incandescent filaments for lamps: Even at 
comparatively low temperatures (about 2000 °C.) 
the differ 


from wire to wire and the bulbs became covered 


variation in resistance was found to 
with a metallic mirror which differed in thickness 
from case to case. It was concluded from (“reversed”) 
radiographs of the wires that the diameter of the 
inner interference line was different for each wire, 
corresponding to alterations in the interatomic 
distance of about | per cent. Two exposures illustrat- 


ing this are shown in figs. 3a and b ?). It appeared 


b 
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Fig. 3. X-ray photographs of: 
a) Pure tantalum carbide, Ta € 
b) Tantalum carbide containing excess of tantalum in solid 
solution. 
The inner ("sensitive") interference ring has a much smaller 
diameter in fig. b) than in fig. a). 


very probable that the wires had absorbed in solid 
solution different amounts of metallic tantalum in 
excess, an assumption which was subsequently 
confirmed for several wires by chemical (com- 
bustion) analysis, which gave a molecular com- 
position corresponding to Ta: C= 6:5. By heating 


in methane the metallic tantalum in excess could 


?) The exposures again show clearly the greater "sensitivity" 
of the inner lines with respect to the lines further out. 


be converted to carbide and the latter thus obtained 
in the pure state. The diameter of the inner inter- 
ference ring for pure TaC was determined and has 
permitted X-ray analysis to be adopted. as a routine 
testing method in the preparation of this carbide. 


16. Hydrogen in Tantalum 


Metallic tantalum can be deposited on a strongly- 
heated core wire?) by thermal decomposition of 
tantalum pentachloride, Ta C1,, this method closely 
resembling the isolation of tungsten from W Cl, 
as first achieved by van Arkel?). The ductility 
of the product was found to be by far the best 
when the Ta Cl, used had first been sublimed in 
vacuo (such treatment making it, moreover, far 
more active). 

It appeared feasible that this improvement was 
due to the expulsion of absorbed gases from the 
Ta Cl, during sublimation: If theses gases were still 
present on the isolation of the tantalum, they could 
be absorbed by the metal and for instance form 
a solid solution, thus resulting in a reduction in 
ductility. 

This assumption was confirmed by X-ray analysis. 
for small differences in interatomic distances were 
found for tantalum wires prepared by different 
means, a result which could again be deduced from 
the difference in diameter of the inner interference 
ring (registered on a “reversed” film). Two exposures 


so obtained are reproduced in figs. 4a and b, the 


b 
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Fig. 4. X-ray photographs of tantalum prepared from tantalum 
chloride by thermal decomposition a) with and b) without 
hydrogen. The greater diameter of the inner interference ring 
in fig. b) is due to the presence of hydrogen in the metal, which 
is thus made less ductile. 


former relating to metal deposited from pure Ta Cl, 
and the latter to metal obtained by decompo- 
sition of the chloride in a hydrogen atmosphere. 
The difference between the diameters of the inner 
interference rings (a doublet) is 2 mm, which here 
corresponds to a difference in the lattice constants 
of approx. 0.2 per cent, the tantalum lattice having 
been slightly expanded by the absorption of 


hydrogen. 


4) W. G. Burgers and J. C. M. Basart, Z. 
Chem., 216, 223, 1924. 


5) A. E. van Arkel, Physica, 3, 76, 1923. 
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ABSTRACTS OF RECENT SCIENTIFIC PUBLICATIONS OF THE: 
- N.V. PHILIPS CLORILAMPENEA DRUNKEN *) 


- No. 1080: A. Bouwers: Hagipengpparetón | (In- 
-  genieur, 51, E 27-30, March, 1936). _ 


. In this paper the author, with the aid of examples, . 


: traces how X-ray technology has succeeded in 
evolving, from the X-ray tube used in experimental 
physies, a per fectly safe electrotechnical equipment 
with a priori calculated characteristics. The author 
discusses the problem of insulating high-tension 
equipment, with special reference to a simplified 
"method for calculating ‘and providing insulation 


', on high-tension equipment capable of withstanding 


a uniform stress at a specific field strength, the 
production -of high outputs for short periods, and 
the generation of very high tensions of the order 
of several million volts. A series of demonstrations 
were given, including’ a small complete X-ray 
equipment weighing only 31/, kg and high-tension 
generators for a million volts direct voltage and 
impulse voltages of 2 million volts. 


No. 1081: R. Vermeulen: Geluidsfilm-apparaten 


- (Ingenieur, 51, E 30-34, March, 1936). 


In the Philips-Miller method, sound films are 
produced by mechanical means in the same way 
as gramophone records, whilst the sound track is 
veproduced by optical means similar to the method 
employed with the 
sound film. 


photogr aphically-registered 


As a series of articles on this subject i is appearing 
in this journal. (Philips tech. Rev., 1, 107, 135, 211 
and. 231, 1936), a fuller abstract of this diis will 
not be given des. 


E E 


Y^ van des Mave: Een Expos mbu todo 
` televisiezender en -ontvanger (Ingenieur, 
51, E 37-40, March, 1936). 


No. 1082 : 


“This paper is almost denal with a paper of 
the same title contributed by the author to the 


first number of this journal (cf. Philips on Rev. " 


1, 16, 1936). . 


, No. 1083: M. J. Druyvesteyn: Electron emis- 


sion of the cathode of an arc (Nature, ` 


187, 580, Apr. 1936). ' 


In carbon and tungsten arcs electron emission 


is in general due to the high temperature of the ` 


*) A sufficient number of reprints for purposes of distribution 
is not available of those articles marked with an asterik (*). 
Reprints of other papers may be obtained on application 
from Philips’. Laboratory, Kastanjelaan, * Eindhoven, 
Holland. : 


.through the insulating layer. 


` No. 1085: 


cathode. In the case of the mercury arc it is assumed 
that electron emission of the cold cathode is due 
to the powerful electric field produced in front of 
the cathode by those positive ions which travel 
towards this electrode. In addition the author 


-assumes also a third mechanism for electron emis- 


sion from the cathode. Accor ding to this hypothesis 
the cathode is coated, at least partially, with a thin 
layer of an insulating substance. The positive ions 
which accumulate on this layer can generate such 
a powerful field that the metal emits electrons 
These electrons 
traverse at great Speed the space charge of the 
positive ions, thus having little opportunity to 
recombine with them. The greater part of the 
cathode drop is obtained at the insulating layer. 


No. 1084: J. A. M. van Liempt: Die Dampf- 


drücke des Caesiums (Rec. Trav. chim. _ 


Pays-Bas; 55, 157-160; March, 1936). 


On the basis of previous. investigations (cf. 
Abstract No. 1051) the author deduces a forniula 


. expressing the vapour pressure of caesium as a 
function of the temperature, which is valid. for: 


temperatures ‘betwen’ 300: and: 1000: deg: X. -The 
most probable sublimation: ceuryé ; ids given. "for 
temperatures between 270. aid 300 deg. LA 


^ a 


JJ. EM Sai une ande: expé- 
rience de dp e rcp 3, 


205-206, Apr. 1936). 2 Lum 


The reversible torsión Mere shi 'accord- 


ing. to "Perrier are ‘exhibited by a nickel wire after E 


special pre- -treatment when teniper ature changes a are 
produced in ‘the neighbourhood ‘of thé‘ Curie 
point, are no longer observed when the wire has 
been corroded by hydrogen chloride or when 


oxidation during pre-treatment is prevented. 


According to the author these phenomena must 


be regarded as due to the oxide layer and not 
to reversible changes in texture as assumed by 


Perrier. 


W. Elenbaas: Der Einfluss des Zünd- 


No. 1086: 
i gases auf die Quecksilber-Hochdruck- 


entladung (Physica, 3, 219-236, Apr., 


1936). ` 


By measuring the reduction in radiation the 
author has determined the additional loss in energy 
per cm of tube length i ina high-pressure discharge 


t 


256 ` 


through mercury vapour due to the addition of 


rare gases. This increased loss was found to be 
practically independent of the energy input per 
em of tube length, and could be calculated from 
the increase in thermal ‘conductivity. On the 
assumption, that in pure mercury the heat dissi- 


pated per cm of tube length is 10 watts, the ' 


measurements could be described with the aid of 
a formula due to Enskog?for the thermal conduc- 
tivity of a gas mixture. In a previous paper (Physica, 
2, 757, 1935) the author arrived at an energy loss 
of 9 watts per cm from the relationship between the 
voltage gradient. and the energy input. If the 
.additional losses due to the rare gases introduced 
are also taken into into consideration, the influence of - 
the rare gases on.the gradient can be calculated 
by a theoretical method given previously. 


No. 1087: J. R. J. van Dongen and J. G. C. 
i Stegwee: De beteekenis van de schijf- 
proef als verkorte standtijdproef (Me- 
taalbewerking, 3, 1-6 and 49-56, March 
‘and Apr. . 1936). 


As a number of articles dealing with this subject 
have already appeared in. this Review (Phil. techn. 
Rev., 1, 183 and 200, 1936) a full abstract of this 


paper is superfluous. 


No. 1088: K. Posthumus: Richtantennes met 
identiek richtingsdiagram, maar onge- 


ljke stroomverdeeling: (aequivalente 


- antennes). (T. Ned." Rad. Genoot., 7, 


115-139, Apr., 1936). 
The ee points out that the directional 
distribution of an aerial made up of a number 


of similar components situated in a straight line 


at uniform intervals and having an arbitrary 
current distribution, can in general also be obtained 
with several other forms of aerial and a different 
current distribution. In the aggregate there are 2"! 
: equivalent aerials from n components. It is shown 
how these equivalent aerials can be deduced from 
the data for an arbitrary aerial. In conclusion the ' 


author points out that the more common aerials : 


in use have no equivalent aerial. 


No. 1089: J. H. de Boer, W. G. Burgers and 
dye J. D. Fast: The transition of hexag- 
' onal a-titanium into regular f-titan- 
ium at a high temperature (Proc. kon. 


Akad. Wet. Amsterdam, 39, 515-519, © 


Apr., 1936). 
` In isolating zirconium by thermal deiouipnddan 
‘of ZrJ, the metal is- deposited in a form with regular 
symmetry (f-modification), whilst at ordinary tem- 
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perature it is obtained with hexagonal symmetry 
(a-modification). Titanium 'is isomorphous with 
zirconium and at high temperatures is deposited . 
together with zirconium in the form of mixed 
crystals. It thus appeared that titanium also 
would pass over into a regular fj-modification at 
high temperatures; this was in fact found to be . 
the case from both resistance curves and X-ray 
photographs. The transition temperature was .882 
deg. C and thus differs little from that for zirconium 
(862 deg. C): Also, as with zirconium, (see Abstract 
No. 1095) a well-defined transition temperature is 
only found when the metal contains no oxygen or 
nitrogen. l 


E oe 


J. A. M. van Liempt.and J. A. de 
Vriend: Das Flimmern von Glüh- 
lampen bei Wechselstrom (Z. Phys., 
100, 263- 266, Apr., 1936). 


The flickering of various types of electric lamps 
when run on a low-frequency alternating current 


No. 1090: 


supply was investigated with the aid of a cathode `- 


ray tube and a caesium photo-electric cell. At an 
equivalent wattage spiral filament vacuum lamps 
showed the least flickering, being followed by 
straight-filament vacuum lamps and gas-filled 
coiled-coil lamps; the greatest comparative flicker- 
ing was obtained with gasfilled single-coil lamps. 


Balth. van der Pol: Trillingen (Ned. 
T. Natuurk., 3, 65-84 and 97-108, Apr., 
1936). | 


A translation of the paper read in English, 
abstracted under No. 1077. 


No. 1091: 


H. Ziegler: Shot effect of secondary 
emission. II. (Phymga, 3, 307-316, May, 
1936). . 


The coefficient of secondary emission and the 
variation in secondary current are governed by 
“the energy of the primary electrons and by the 
. nature of the electrode bombarded. In continuation 
of a previous paper (cf. Abstract No. 1066). the 
author examines the multiple electronic charges 
composing the current impulse. The quotient of 
the coefficient of secondary emission and of the 
coefficient of secondary current fluctuations is a 
measure of the proportion of effective primary 
electrons and of the quality of the amplification 


No. 1092: 


‘due to secondary emission in respect of fluctuations 


in operating conditions. These phenomena are 
studied for a nickel plate with an activated barium 
and strontium surface in relationship to the velocity 
"of the primary electrons. ``. 
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PROPERTIES AND APPLICATIONS OF ARTIFICIAL RESIN PRODUCTS 


By R. HOUWINK. 


Summary. The chemical nature of artificial resins is briefly outlined with the principles 


on which their manufacture is based. As artificial resins are per se electrical insulating 
materials, this property is compared with that for other insulators; the differences between 
**Philite" and other insulators are also referred to. Various applications of *Philite" resins 
are then enumerated and discussed, followed by reference to products with special pro- 
perties designed to meet the specific requirements of the consumer. 


Introduction 


The progressive development and expansion of 
the electrical industry has led to an increasing 
demand for cheaper and better raw materials. 
That the demand has not by any means been met 
is shown by the call for materials with low dielectric 
losses (low values of tan 6), which during recent 
years has become very heavy in view of develop- 
ments in short-wave technology. The demand is not 
for the 


material required has also to meet a host of other 


merely for an insulating material per se, 


such as 
mica, which has an exceptional suitability for 


requirements. For example a material, 
making certain articles is yet frequently found 
useless in mass production as soon as it becomes 
a question of making units of complicated shape 
by an inexpensive process and which have to be 
within close dimensional tolerances. It may be 
noted that these requirements present insulating 
technology with entirely new problems, especially 
as the consumer is not merely concerned with the 
insulating properties and the mechanical strength, 
but frequently makes a point of specifying a 
pleasing appearance, which can only be obtained 
by very complex and highly perfected finishing 


processes. 


In this article we will show that one of the chief 


reasons why “Philite”, an artificial resin, which 
can be readily shaped by hot pressing, has found 
extensive applications is mainly because it 
can satisfy a host of practical require- 
mentsatoneandthesametime. Fig. 1 shows 


a selection of “Philite” products, and brings out the 
wide variety of objects into which this material 
can be moulded and for which it can be utilised. 


Fig. 1. Various "Philite" products for technical uses. 


Basis of Manufacture of Artificial Resin 


Even twenty years ago resinified products ob- 
tained by chemical reaction were disposed of as 
useless waste. At the present time the exact 
reverse is the case, and in a large number of in- 
search is 


dustrial laboratories systematic 


ceeding for still further artificial resins. 


pro- 
Of the 
great variety of artificial resins which have been 
evolved will be 


in recent years, consideration 


One t 


limited here to the phenol-formaldehyde resins, 
since these form important constituents of various 


_types of Philite materials. It would lead too far 


to discuss in detail the chemistry of these resins, 
although an attempt will be made with the aid 
of fig. 2 to explain the fundamental principles on 
which the formation of such a resin is based. If 


OH 
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artificial resin filling every corner of the matrix 
or mould. If the body is kept at this high temper- 
ature for a few minutes longer the hardening | 
process already referred to takes place, with the 
result that the mass hardens in the mould 


„and can therefore be removed from the warm 


mould without the latter having to be cooled. 


| HOH;C— — E CH2- Y E 


OH: 


+ CHRO —> 


OH *- OH 
ay CH;— m CHOH l "- 


Fig. 2. Formation of E T resin. This method of representation is purely 
diagrammatic. The benzene nuclei must be regarded as arranged specially and linked 


.to one another in some sort of haphazard arrangement, without giving a 


as indicated in this figure. 


phenol and formaldehyde are caused to interact 


at a high temperature, then as shown in fig. 2, the 


molecules of these bodies combine to form a reaction 
product which in the figure is denoted by the word 

"resin", It is seen that by condensation a very large 
molecule is produced, and the assumption is justi- 
fied that a pressed product of artificial resin (apart 
from fillers, which for various reasons must be 
added) consists of a single large molecule. This 


gradual growth to a so-called macro-molecule 
is the basis of manufacture of “Philite” materials. | 


If we remember that the initial materials are fluid 


(or at least solids with low melting points) and - 


the final product.is a hard mass resembling ebonite 
in appearance, it is evident that in the course of the 
finishing process considerable changes must have 
taken place. In practice it may be observed that 
the transition to the solid finished product takes 
placé very gradually. At first the phenol and 
formaldehyde form a resin-like viscous fluid, which 


` on further heating gradually hardens to a consis- 


tency comparable to that of asphalt, finally being 


..converted into a very hard and infusible end 


product. The essential factor here is the formation 
of an asphaltic intermediate product, for in this 
stage the mass can be readily liquified in heated 
matrices Mot °C.) under hydraulic préssuse, the 


[rj 


“pattern” 


" The moulding process in the case of artificial 
resins is thus fundamentally different from that 
employed with'metals, such as cast iron, which is 
molten and then poured'into a cold mould 
in which it is allowed to cool. The raw material 
for “Philite” is introduced into a hot mould in 
which it hardens as a result of chemical reaction 
specifically promoted by the application of a high 
temperature. 

To make this important characteristic still more 
clear, compare the moulding process employed 
with that which must be used for producing moulded 
articles from a substance,-such as asphalt. 

Asphalt can also be liquified by placing into a hot 
mould and applying a pressure, although there 
is here no chemical reaction which results in a. 
hardening process taking place. Hence to remove 
the shaped asphaltic article. from the mould, 
the latter must be cooled and again reheated before 
pressing of the succeeding article can commence. 


-With artificial resin this is naturally unnecessary, - 


thus considerably accelerating the process of manu- 
facture. But, as in most cases this advantage is not 
obtained without overcoming certain difficulties, 
since to obtain a satisfactory shape very high 
pressures aré required of the order of 300 kg/sq cm. 
The matrices thus have to sustain very high stresses 
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and for this reason are usually fairly expensive. 
' Fig. 3 shows the variations.in certain properties 

of the artificial resin with time during the pressing 
process. It is seen-that the tensile strength, as well 
. as the stability to heat, increases considerably. 
This is readily accounted for by a further glance at 


the reaction product shown in fig. 2 and when it is- 


remembered that the various chemical bonds in 
this molecule have a high energy value (100 to 
200. kilo-cals per gr. equivalent). The significance 


of this is that a considerable amount of energy | 


has to be absorbed either in the form of mechanical 
or thermal energy to split these bonds again, 
thus accounting for the mechanical and thermal 
stability. 


j kge? 
400 d : 


a g 


300 


4 12 20 


28 min 735 


Fig. 3. Increase in the. tensile strength T and the stability 


to heat W of an artificial resin with increasing duration of : 


pressing. 


Tensile 
strength 


in kg 
em—2 


-““Philite” moulding material (Type S) | 350 


“Philite” sheet material (Philitax) 150 ` 
Porcelain ` — 300 
Cellulose' derivatives (Philite A) 300 


Ebonite " |. 400. 


*) Other types of “Philite” have a higher disruptive strength, up to 30 kV/mm. 
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In this brief' survey we have limited ourselves 
merely to the artificial resin constituent and have 
made no mention of the fillers in "Philite", 


since a discussion of these latter does not enter ` 


into the scope of the present article. In this con- 
nection it may, however, be mentioned that these 
fillers have à marked effect on both the electrical 
and the mechanical : properties of the finished 
material, such that by a rational combination of 
various types of artificial resins and different 
fillers a very varied range of products can be 
obtained. This is indeed one of the reasons why 
"Philite", as already indicated, can frequently 
be very easily adapted to meet specific require- 
ments. l 


, Comparison with other Insulating Materials 


It has already. been pointed out that “Philite” 

is able to satisfy simultaneously a number of 
, different requirements and just for this reason 
it is frequently better than other insulating ma- 
terials. To obtain a closer insight into this com- 
parison the principal requirements generally deter- 
mining the choice of an insulating material have 
been. collated in Table I. This summary is, of 


course, not complete since in the first place a 


comparison is limited to merely some of the prin- 
cipal - properties. Other ‘properties: entering into 
question will be indicated later, as well as the 
position of "Philite" -in réspect of these. 

The most important property of interest in 
‘insulating materials, the disruptive strength, has 
, in the case of Philite S the not too high value of 

approx. 8 kV per mm. For ordinary:low-voltage 


applications this disruptive strength is "however. 
quite adequate, the difference as compared with . 


the higher values given for the three other materials 
being of no special moment. In fact where for high- 


Table I. Comparison of the Properties of Different Insulating Materials 


Stable up to 


temperatures of PER Specific | Toleran- pas 
Long Short strength gravity x treatment 
periods | periods E 
IE in kV 2 
GENE ESAE AED 


Good 
140 Good 
about1000!about1000 Bad 


1.3—1.6 |Very good 


1.1—1.7 |Very good 
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tension purposes, a greater value is desirable this 
can also be met as shown in Table II. 

With the aid of Table I let us compare the other 
principal properties of other insulating materials 
with *Philite" S. Consider first the 
mechanical strength as expressed by the 


those of 


tensile strength and the impact value; it is seen that 
porcelain has a very low impact value of 2 kgcm 
per sqem, the wellknown fragility of porcelain 
making it in fact quite unsuitable for many pur- 
poses. Again as regards stability to heat it is 
observed that just those bodies, such as cellulose 
derivatives and ebonite, which have quite satis- 
factory mechanical values, give low values for this 
property, mainly because the maximum tem- 
perature they can sustain is below 100 °C., a 
temperature level which is of very great importance 
in technology. In this respect porcelain naturally 
offers a quite unmistakable advantage, which 
organie bodies, such as the artificial resins, can 
perhaps never hope to equal. This range of high 
temperatures will, it appears, therefore remain 
the preserve of the inorganie substances; but the 
applications at which such a high temperature 
level is not required are so numerous that a very 
wide field still remains for the organic insulators. 
And just in these applications the various kinds 
of *Philite" can prove of inestimable value, since 
e.g. specific temperature requirements in the 
tropies can be very readily met, even if an extra 
although not excessive amount of heat is evolved 
in the electrical apparatus itself. 

As regards the dimension al tolerances 
which can be obtained in the products, a factor 
frequently of paramount importance, it is well 
known that in mass production the choice of a 
material is often determined by the tolerances 
within which a moulded product can be made. 
This is another reason why very often porcelain 
is rejected in favour of *Philite" S with its fivefold 
smaller tolerance of approx. 1 per cent., particularly 
as porcelain, as indicated in the last column, is 
very difficult to work, so that any deviations in 
dimensions are difficult to correct. 

On the whole the principal advantages of 
“Philite” 


strength and its greater accuracy in workmanship. 


over porcelain are its greater impact 


Other advantages are its low specific gravity, its 
pleasing appearance and the wide range of colours 
in which it can be made. *Philite" is of the same 
colour throughout and is not merely covered with 
a thin varnish which can be readily damaged. 

For outdoor use and under conditions in which 


temperatures exceeding 150 °C. may occur, pro- 
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celain is naturally to be preferred to “Philite”. 

Comparing “Philite” S with cellulose derivatives 
and ebonite, the very low stability to heat of the 
two latter is the chief reason for serious objection 
being frequently raised against their use. It is thus 
seen that each of the insulating materials listed 
possesses at least one important property which 
does not compare with that of *Philite" S. 

In addition to its suitability for making all 
standard moulded products, ^Philite" can also 
be employed for making special compound products 
in which metal or other parts are pressed into the 


material. Fig. 4 shows a radiograph of a moulding 


Fig. 4. Radiograph of a moulded product made of “Philite” 
into which metal parts have been pressed (shown white in the 
picture). 


where the metal component has been completely 
embedded in the *Philite". Fig. 5 shows diagram- 
matically how such a metal part, here a threaded 
nut M, is pressed into the ^*Philite". The nut is 
placed on the pin P of the opened matrix O, which is 
then filled with the powdered raw material (Ph) 
(Fig. 5b). During pressing the mass does not fill 
all the cavities in the matrix but also flows round 
the metal parts (fig. 5c). Fig. 5d shows how the 
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“Philite” (Ph) after hardening in the matrix has 
completely surrounded the brass nut M, holding 
it firmly. Here again it is possible to work to narrow 
tolerances, for the position of the brass nut is 
determined entirely by the pin P, which is attached 


b B 


7 


a) Matrix open. " 
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above, the latter being regarded as ‘a standard of 
comparison. l 
It is evident that in view of the wide susiety. 


' of demands which technology makes as regards’ 


an insulating material jt is practically impossible 


0 


d 


Ph P. M Ph . 


Fig. 5. Manufacturing process for pressing in a brass nut M into “Philite” Ph which 
= is moulded by pressing in a lower matrix O and an upper matrix B. 


M 17137 


b) Inserting the ‘brass nut M and filling with raw mixture. ' 


c) Closing the matrix. 


d) Finished product with embedded nut. 


` 


to a solid part O of the matrix. This method of em- 
bedding ‘metal parts is much. simpler than the pro- 
cess employed in which holes are first drilled in 
the . moulded article and the metal part then 
secured. by ponty ‘or. screwed i in. : 


ned Kinds of “Philite” 


In the following, ‘brief reference will be made to 
several. variaties of * ‘Philite”; each of which differs 
in some particular or other from “Philite” S referred 


> 

at 
: in NOS: 
fe E 


to find a single substarice' which will satisfy every "e. 5 
single requirement. - For-this reason a large range AD 
‘of special types of “Philite”- have been evolved and 


are employed for various products. Table II gives 


a survey of a selection’ of these varieties and also PONE. 
includes, to facilitate comparison, the corresponding i5. 


properties of the stáWdard “Philite” S. For the % 


other kinds of “Philite”, figures? are only given j : 
where the relevant properties differ appreciably 2 NN 


from those of "Philite" Ss. 


: Tabel II. Some of the Principal Properties of Special *Philite" Products *) 


in kg cm—2 in kg cmem— 


“Philite” PET 
“Philite? I. . ...... 
Mightension “Philite” Pr 


. High- Aeecueney “Philite” P 


High-frequency “Philite” 160| Between 200 


(in various kinds). . . . . and 300, ac- 
: cording to 
mae : . kind 
Flaked "Philite" . . . .. — 
"Transphilite? . . . ... — 


. Ácidproof*Philite" . . . . — 


e . 077, Stable up to Tanóin 10—4 
` Tensile | Impact |temperaturesi. Disruptive | at 200 m 
strength ` ' value f capacity, (1.5 - 109 Other characteristics 
NN . (lóng period) cycles) 


500  .| See Table I.. 

— -. | For high temperatures. . 

— -| High tension material for 
indoor situations. 


2 tot 5 20.000 per matrix’ and 
per week; not stable to 
heat. 

$5 General high-frequéney 
use. 


+ 


' High impact. strength. 
Transparent. . 

Inter alia, unattacked by 
strong HCl, 30 per cent 
sulphuric acid and HF. - 


*) For the sake of simplicity only those values are given for each material which differ considerably from the corresponding 
values for “Philite” S. On application the exact values for the properties of each specific material will be gladly supplied. 
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The first requirement specified by users of 
artificial resins is their ability to withstand 
high temperatures. It is obvious that in 
the case of an organic body, such as an artificial 
resin, the same high stability cannot be attained 
as with, for instance, porcelain. Nevertheless a 
satisfactory stability to prolonged heating up to 
180 °C. can be attained as indicated for “Philite I” 
in Table II, and which is quite satisfactory for a 
large number of technical applications. 

The very frequent demand for a material with 
a very high electrical disruptive value is met by 
High-Tension — Philite disruptive 
strength of 30 kV per mm, a value roughly the same 


which has a 


as that for porcelain. Although the use of this 
material is limited to indoor locations, it yet offers 
many advantages over porcelain in view of its 
high mechanical stability and the low dimensional 
tolerances to which it can be worked, as well as 
the ease with which metal parts can be pressed 
into it, so much so that it has already found very 
extensive use. 

Two types of high-frequency “Philite’” have been 
evolved to meet the increased demand for materials 
with low dielectric losses. High-frequency Philite P 
with a value of tan 6 = 2 to 5 - 10-* offers excep- 
tional advantages in this respect, and enables values 
to be obtained which are nearly equal to the best 
other materials in this class, such as mica and 
quartz, but which are not susceptible to moulding. 
On the other hand, this material has the dis- 
advantage that its stability to heating is low, viz., 
about 60°C. To overcome this difficulty High- 
Frequency Philite 160 was evolved which can be 
produced with different tensile values, and similarly 
to "Philite I” can withstand heating to a temperature 
of 180 °C. Although this advantage has been gained 
to a certain extent at the expense of the phase 
difference, yet tan 6 = 55- 10° as compared with 
“Philite S" (tan 6 = 500 - 107) is so low that Philite 
160 still has many practical applications. 

The mechanical strength will naturally al- 
ways remain an important consideration, especially 
as "Philite" has in recent years become extensively 
employed in directions other than those for which 
it was originally intended, viz., as an insulating 
material, and in these supplementary applications 
properties entirely foreign to good insulation have 
been required. The impact value of 10 to 15 kg-cm 
per sq cm of “Flaked Philite" closely approaches 
that of various kinds of wood, and components 
made of this material thus possess very high 
mechanical values. Whilst the insulation properties 
have become slightly reduced, the final product 
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is still an insulating material with exceptional 
impact strength. 

* Transphilite" is a material which is made with 
a variety of transparent colours and is used for 
certain lighting fittings. 

A special *^Philite" product which must be men- 
tioned is the acid-proof variety of *Philite" which 
has been evolved for use in chemical works, being 
practically unattacked by various concentrated 
acids. It is interesting to note that contrary to 
glass this product is not attacked by hydrofluoric 
acid, and in view of this property it is frequently 
employed in place of glass. 


Flat sheets of “Philite”’ 


Up to the present reference has been limited to 
artificial resins which could be moulded to any 
desirable shape. In addition there is a series of 
artificial resins which are only suitable for manu- 
facturing flat sheets which can be easily cut 
with the saw. Sheet *Philite" is supplied in various 


kinds, distinguished for exceptional mechanical 
properties, in this respect being comparable to 
wood. 


"Philitax", whose principal properties are 
enumerated in Table I, is one of the best materials 
for making insulating sheets. In small thicknesses 
(e.g. 1.5 mm) it can be easily cold stamped, as 
well as hot stamped up to a thickness of 7 mm. 
In this way simple mass-production articles can 
be produced from it as shown in fig. 6, and similar 


Fig. 6. Stamping of articles from "Philitax" sheet material. 


to stamped metal plates and sheets. It is not only 
extensively used in the construction of switch- 
boards, but also for interior components in a large 
range of electrical apparatus since owing to the 
ease with which it can be worked it combines 
cheapness with desirable mechanical and electrical 
properties, without requiring expensive matrices. 
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"Philitext" meets the need for a very high 
impact value, which in the case of this material 
is 50 kg cm cm-?. Electrically, this material is not 


Fig. 7. Silent gears made of “Philitext’’. 


quite comparable to ^Philitax" whose electrical 
characteristics are high; it has become widely 
adopted since it is suitable for manufacturing 


bearings which can be water lubricated, as well 
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as for making silent gear wheels, a selection of 
which is illustrated in fig. 7. In these directions 
in particular “Philitext” offers a number of still 
further potentialities. It should be mentioned in 
this connection that the friction of bearing materials 
made with artificial resin as a base is roughly 
comparable to that of good bearing metals (co- 
efficient of friction 0.1). 
resins have the advantage of being unattacked by 


In addition artificial 


acids and alkalies, permitting lubrication with 
water and offering a long life. 
This 


properties of the “Philite” range of artificial resins 


brief outline of the characteristics and 
will suffice to indicate to what extent the varied 
requirements of consumers can be met. Techno- 
logical advances, however, continue to be made 
and it 
course 


may be confidently expected that in the 
of the next few years further additions 
will be made to the comprehensive list of existing 
* Philite" 


meet other specific requirements. 


products and which will in their turn 
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Summary. Two important improvements in radio receivers, viz., touch tuning and low- 


In touch tuning sharp tuning is indicated by the turning of the tuning knob suddenly 
becoming stiffer; in the circuit employed a braking magnet which brakes the tuning-knob 
shaft is magnetised on sharp tuning. This device has been supplemented by an arrangement 
which by mechanical means keeps the set perfectly silent as long as no station has been 


With low-frequency counter-coupling the distortion occurring in low-frequency ampli- 
fication is reduced to.a small fraction of its value in the absence of counter-coupling, 
the frequency relationship of amplification being favourably influenced at the same time. 


IMPROVEMENTS IN RADIO RECEIVERS 
By " J. VAN LOON. 
frequency counter-coupling, are discussed in detail. 
sharply tuned in. 
Introduction 


The most important characteristics of radio 
receivers are unquestionably their purity of repro- 
duction, their selectivity and their sensitivity. In 
the course of the technical development of receiving 
sets the quality of reproduction-has been improved 
in various directions, thus the acoustic reproduction 
of the loudspeaker, which during the first few 
years of broadcasting was limited to a comparatively 
narrow range of audio-frequencies, has steadily 
been improved upon such that a range of for 
instance 40 to 10 000 cycles/sec. .can now be re- 
produced with satisfactory uniformity. Further- 


more, the technical design and construction of 


the various amplifying stages in a receiver and the 
outputs of the amplifying and output valves have 
been raised- to a high stage of development, these 
advances being naturally ‘also to the marked 
advantage of purity of Acproductien: 


Controllable Band Width 


Similar far-reaching improvements have also 
been achieved in regard to the selectivity of sets, 
* such refinement having become indispensable under 
present-day conditions of broadcasting with power- 
ful transmitters utilising frequencies which are 
extremely to those employed by weak stations. 
On the other hand, however, a very high selectivity 
cannot be coupled with the requisite purity of 
reproduction. A ‘small resonance curve as shown 
in fig. la results in the side bands of the incoming 
signal being damped; so that high modulation 
frequencies are far too weak and reproduction 
‘sounds heavy or “flat”. An improvement is ob- 
tained by making the. resonance curve less sharp 


(see fig. 1b); when as ‘large as possible a portion 


of the side bands is transmitted undamped. Further 
investigations in this direction’ have led. to the 
. so-called “controllable band width” which is used 


to an increasing extent in-superheterodyne receivers. 
By adjustment of the coupling between the cir- 
cuits in the intermediate frequency section, the 


10 


0 +2 +4 +6 +8 +10 
` 17140 


-10 -8 -6 -4 -2 


' Fig. 1. Resonance curves, with intensity plotted as a function 


of the detuning in kilocycles. 

a) Small resonance curve; the higher modulation frequencies 
are reproduced much too weakly. © 

b) Smoother resonance curve: a greater part of the side bands 
is transmitted undamped and the selectivity is lower.‘ 

c) Example of a resonance curve as obtained with controllable : 
band width on adjustmant to "wide". 


resonance curve can be made narrower (as shown : 
in fig. 1b) or wider (as in fig. Ic) just as required. 

À wide transmission band is employed where a high 

selectivity is not required, since the transmitter 

tuned in is powerful or there is no interference from ` 
adjoining stations; the high audio-frequencies are 
then not weakened so that reproduction is of an 
exceptionally high quality. Where a high selec- 
tivity is required under the conditions ruling, a 
narrower transmission. band is chosen, which 
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however unavoidably deol toa loss of the high . 
notes. 


Automatic Volume Control 

An improvement which has been incorporated 
in a large number of radio-receiving sets for 
several years is the automatie control of volume, 
consisting in producing an automatic décrease in 
the amplification of a set as the signal at the 


detector becomes more powerful. The ‘marked 
differences between the input signal voltages 


(a, medium-strength signal, for instance, gives ' 


` 0.1 millivolt in the aerial, and the signal from a 
powerful local station, 500 millivolts) are reduced 
considerably in the set itself by the automatic 
‘volume control. 

The pronounced advantages of automatic volume 
control both as regards fluctuations in the strength 


of the station tuned in (fading effects) and when . 


listening in to a’ number of stations of different 
outputs in succession, are too well known to require 
_detailed discussion. Such control, however, introd- 
uces a number of difficulties; for instance it is more 
difficult with an A.V.C. to determine sharp tuning 
of a station. In receiving sets without automatic 
volume control sharp tuning presents no difficulty, 
for tuning by ear is merely continued until a 
maximum volume of reception is obtained. On the 
other hand; accurate, audio-tuning is much more 
difficult in those sets equipped with automatic 
volume control and also having a resonance 
curve with a flat peak; on slight detuning of the 
set there is no detectible difference in volume 
since automatic control compensates for any 
reduction. . 

It thus. becomes necéssary to employ as a cri- 
terion of correct tuning a maximum volume of the 
low notes or a minimum of distortion. This method 
of tuning requires, however, considerable skill 
with the result a set of this type is frequently 
flat tuned, thus affecting the purity of reproduction 
owing to the absence of the low notes and the 
occurrence of distortion. 


$p 


“Touch” Tuning 


It is not surprising, therefore, that means have 
sought to eliminate these difficulties and which 
would indicate in a simple manner when sharp 
tuning was realised. One method evolved for this 


purpose was that of “visual” tuning in which 


.a maximum or minimum deflection of a. pointer 
. ' Li . . 

was obtained when tuning was sharp. Circuits 

were also evolved with which, as in early receiving 


sets, a fairly definite maximum volume was ob- 
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tained when sharp.tuning was attained so that 
tuning was again an audible process. In this labor- 


.atory an entirely new method of tuning has how- 


ever been developed, viz., a method of “touch” 
tuning, which considerably facilitates accurate 
adjustment. Sharp tuning is. here indicated by ‘4 
sudden braking of the tuning knob, being achieved 
by means of a circuit in which as sharp tuning is 
approached there is a sudden increase in current 
which is utilised to hold the tuning shaft by means 
of a magnet. An arrangement can also be quite 


easily incorporated with this circuit which by mech- 
. anical means keeps the receiver completely silent 


until it has been sharply tuned to the station 
(socalled "silent" tuning); as soon as the braking 
magnet is energised’ a contact is closed at the same 
time which connects up the loudspeaker system. . 
In this Way "touch" tuning is combined with 
“silent” tuning. i i 
We shall discuss the operation of the “touch” 


` tuning circuit with, the aid of a number of:diagrams. 


Assume that the receiving set which has to be 
equipped with the "touch" tuning system is a 
heterodyne receiver of the type shown diagram- 
matically in fig. 2. 

When the set is sharply tuned the high- Aeguenby 
portion.is adjusted to the frequency of the in- 
coming signal and at the same time the oscillator 
tuned to a frequency such that the differential 
frequency generated in the mixer valve is exactly 
equal ‘to the intermediate frequency f, to which 
the intermediate-frequency portion is tuned. 
On a slight departure from the sharp-tuning 
position by giving the tuning knob a little turn, 
the oscillator becomes detuned. The differential 
frequency has thus been altered and no longer 
coincides with the intermediate frequency. The cir- 
cuits in the high- frequency portion are also detuned, 
so that in consequence there is a slight change in the. 
amplitude of the signal passed to the mixer valve. 
If detuning is not excessive, then owing to the 


‘operation of the automatic volume control it may 


be expected that to a first approximation a signal 
whose frequency varies while the amplitude remains 
substantially the same will be obtained at the out- 
put of the intermediate-frequency amplifier, i.e. 
at P; on sharp tuning the frequency. is exactly 


.equal to the intermediate frequency fj. ` 


* The circuit shown in fig. 3 is now connected to` 
P through a small condenser C,. This arrangement 
consists of a circuit (L Cr) which is tuned to the 
intermediate frequency fọ The oscillating alter- 
nating voltage in this circuit is rectified by .the 
diode D, so that a direct voltage is obtained at 
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LF. Loudspeaker 


Fig. 2. Circuit of a super-heterodyne receiver. The intermediate-frequency signal for 
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HE. | . Mixer valve 
Ww 
Oscillator Tuning-knob 
touch tuning is tapped from the point P. 
the resistance R, which is by-passed by the 


condenser C,. R is also connected in series with’ 
a direct-current source Vp whose negative pole. 


`K 


P 


Ci 


R Vet paz 


Fig. 3. Equivalent .circuit for “touch” tuning. On sharp 
tuning of the set a voltage is obtained at P (see also fig. 2) 
which is passed through C} to the oscillating circuit LCr 
tured to the intermediate frequency; on sharp tuning the 
voltage in this circuit is greater than Vp so that the diode D 
with which the threshold voltage Vj is connected in series 
acts as a rectifier and furnishes a direct voltage at the resist- 
ance R which serves for operating a braking arrangement. 
As detuning becomes greater the voltage in circuit LCr 
become smaller, so that from a certain degree of detuning 
Vp prevents rectification and the brake no longer operates. 


is connected to the anode, so that in the absence 
of alternating voltage in the circuit the anode of 
the diode is negative with respect to the cathode. 
It should be noted that a rectified’ current only © 
commences to flow when: the amplitude ‘of the ` 
. alternating voltage is greater than the threshold 
] voltage Vg c A ` 


: When the receiver is sharply tuned? pole P, as 


we have seen, will have a voltage with the frequency 
fo. The voltage resulting therefrom in the oscillating 
circuit will have an amplitude V,. On slight de- 
tuning the amplitude of the voltage in P will 
remain. practically unchanged. If the frequency 
is altered to fy + Af (or fọ — Af) the circuit 
voltage will then drop to: 


1 


y mr 


V, 


If V > V, the diode will pass current at tuning 
and a direct voltage will be produced at R. On 


‘detuning this current ceases to flow as soon as Af 


reachés a HORE value A fim as Gai by the 
equation: 


ES JH 


S by a E glusicé of the threshold ' 
voltage V, it is possible to determine in what 
frequency range on both sides of the resonance 


Va- b 


frequency fo rectification will occur and a direct 
voltagé be obtained at resistance R. This direct 
voltage can, for instance, be utilised for modulating 
an amplifying valve such that a magnet inserted 
in the anode circuit of this valve will brake the 
_tuning-knob shaft. 

By this method "touch" tuning of stations " a 
specific strength becomes possible. But if a station 


‘is chosen with e.g. a.much greater strength, the 


voltage in P, in spite of automatic volume control, 
can be as much as several times greater than in the 
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case just considered. As a result the frequency 
sweep over which “touch” tuning is effective will 
also increase. Consider the example of a circuit 


in which r/L = 6280 sec! and V3/V, = 0.86. From 
equation (1) we get A fiim = 300 cycles/sec. If for a 


"more powerful station V, is, say, twice as powerful, 


V/V wil be 0.43 and hence Afim will be 1050 
cycles/sec. The range over which touch tuning 
operates thus varies fairly considerably for trans- 
mitters of different. strengths, so much that the 
tuning knob in the case of the powerful stations 
becomes already braked at an excessive distance 
from the sharp-tuning position. 


This difficulty may be overcome in the onne 


way. It follows from equation (1) that for a given 
value of r/L the term Á fiim Will also have a definite 
value, provided the ratio of V, to V, is unchanged. 
This would be the case if in the circuit shown in 
fig.3 the threshold voltage Vp were not constant but 
increased in proportion to Vj. Fig. 4 shows how 
this is achieved and represents two circuits, J and IT, 
which are both tuned to the intermediate frequency, 
as well as two rectifying diodes.. C, is a small 
condenser. 


795 


Fig. 4. Improvement of the circuit shown in fig. 3. The voltage 
of circuit I is rectified by the diode D}. A part of the direct 
voltage obtained serves as the threshold voltage Vj for the 
second rectifying circuit (circuit II, diode Dp, resistance R). 
By means of this circuit the diode D, always rectifies in the 
same frequency range on both sides of the sharp tuning 
position, almost independently of the signal strength in P. 


. The diode D, rectifies the voltage in circuit J, 
part of the rectified voltage constituting the thres- 
hold voltage V,:for the rectifying circuit of D,. 
This circuit ensures that the rectifying action of the 
diode D, always commences at the same degree 
of detuning A fiim irrespective of the signal strength 
in P, whereby a direct voltage is obtained at the 
resistance R which through an amplifying valve 
energises the braking magnet.  '' ` 

In the practical design of this arrangement as 


shown in fig. 5 circuit I is not connected directly 
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to P in the intermediate-frequency section, but 
is'linked up through an amplifying valve L. Valve L 


is modulated by the rectified voltage at R; in the 


sharp tunning range the voltage at R makes the 


Fig. 5. Practical design of a circuit for touch tuning. Circuit I 
(cf. also fig. 4) is not connected directly to the intermediate 
frequency portion at P but through an amplifying valve L. 
The direct voltage obtained at R onesharp tuning is passed 
to the grid of L and reduces the anode current in this valve; - 
as a result the relay trips and the brake comes into operation. 


grid of L more negative so that the relay inserted . 
in the anode circuit of L trips and thus closes a 
contact in a circuit which energises the braking 
magnet. If the relay simultaneously closes a second 
contact, for instance for switching on the loudspeak- 
er, a "silent" eee system is arrived at ina very 
iae way. l i 
Fig. 6 gives a view of the braking system where 
an iron disc is attached to the tuning-knob shaft 
opposite to the braking magnet. This disc is secured 
on the shaft by a spring and cannot be turned about - 


. the shaft but only displaced along it, so that it is 


attracted towards the braking magnet when the 
latter is energised 


Counter-coupling 


Brief reference has already been made above 
to the fact that developments in radio valves, 
and in particular in output valves, have also 
included an improved purity in reproduction. 
The immediate means for reducing the distortions 
in reproduction has appeared to be the introduction 
of high-output: last- “stage valves. At the same 
time a circuit was evolved in this laboratory, which 
has been employed in a variety of receiving sets 
and which may be termed that of low-frequency 
counter-coupling. With this circuit the distor- 
tion occurring in the: low-frequency part of a 
receiver is reduced to a very small fraction of its 
initial value, while at the same time the frequency 
characteristics of reproduction are also favourably 
influenced. ' 

If an alternating voltage V, is applied to the grid 
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of an output valve, an amplified alternating 


voltage V, will occur at the load resistance in the 


a 


anode circuit. A part n V, of this output voltage 


a 


Fig. 6. Brake. An iron disc is fixed on the tuning-knob shaft 
opposite to the braking magnet. The disc is attached to the 
shaft by means of a specially-shaped spring and is thererefore 
constrained to move along the shaft only, so that it is drawn 
towards the brake magnet when the latter is energised. 


can be fed back to the input circuit. If this fed- 
back voltage is in phase opposition to the input 
voltage V; we can speak of counter-coupling (or 
opposed coupling). The amplification is reduced 
by this counter-coupling, as well as the distortion 


in almost the same ratio. 
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Fig. 7. Circuit of a counter-coupled output valve. A part 
n V, of the anode alternating current V,, which is generated 
by the grid alternating current V,, is fed back to the grid 
in phase opposition to the input voltage V;. 


The circuit of a counter-coupled output valve is 
shown in fig. 7; the load is not inserted directly 
in the anode circuit but is connected up through 
an ideal transformer with a 1:1 ratio in order 
to be independent of the direct voltage of the anode 
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battery. If the amplification of the valve is m, 
we have V, = m V. As furthermore V, = V;—n V, 


a 


we thus get V, = m V; — m n V, or: 


i a? 


m 
ELE o 
ltmn ' 


C= 
so that the amplication has been reduced by a 
factor (1 + mn) by counter-coupling. If n is made 
so great that m n y 1 then V, will approach 
the value V;/n. Thus as the counter-coupling 
increases the amplification becomes pregressively 
more independant of m, i.e. of the characteristics 
of the valve, so that the distortion also becomes 
steadily smaller owing to the non-linearity of the 
valve characteristics. 


For a closer investigation, express the non-linearity 
between V, and V, as follows: 
= 7 ne 73 D 
V aV, PY, TY; aes. OM dae sers (ud 


cos €, which 


The alternating voltage V, is equal to Von 


substituted in equation (2) gives: 
V,=a@ Yon cos €t + B Yon cos2mt+ PV ame cosf@t , 


To a first approximation’) this expression may be written as 
follows: 


Va = lo p Menit +a Vom coswt + la p Vine’ cos 2 wl 
+ 1, y V...) cos 5 wt. 
4 Y V gm 


We thus have terms containing 2m and 3m, i.e. distortions 
due to the second and third harmonics respectively. 
If we denote the amplitudes of the first, second and third- 
over-tones of V, by Vaj? Vag and Vag we then get: 
= ems 2 —1 ‘ 
Vay = a V t Vas Es A. bi. and Vig = Tey Vs 
With counter-coupling we get for the relationship between 
V; and V, 


V, = Vj—n V, 


(3). 


Equations (2) and (3) together express the relationship 
between V, and V;. Let us write V, also as a power series of 


V5 to do this we must first “invert” equation (2), thus getting: 


] B y 28— 
a 


/ -V 
Mg eee nme 


Substituting from equation (3) we find: 

1 \ 2 p2—a 
Vi B ( + S | Va m i DE P fry 3 F A 
a 3 


a a? 


After "inversion" this equation becomes: ` 


— 2 2 
E : V. d 724. ya pal — ap " v3 


= i PLA tf i 
{+an (1 + an) 3 


which neglecting the small terms as usual may be written as 
follows: 


J 


Ys B V i y vt S 
ttt e CS 
1+an 1+an\il+an, t+an\t+an/ 
We have thus obtained the non-linear relationship between 
V, and V; with counter-coupling. 


V =a 


a 


In the same way as adopted above we get for the am- 
plitudes of the first, second and third harmonics the following 
expressions: 


1) We neglect ?/, Y V,,,” against a 


meen 
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= ` Vim 
QU {+an 
! ` 2002 
Vu (i) A 
2 f[tan\it+an 


ow. ( Vim ) 
ftan\i+tan 


We thus see that to obtain ‘the same 


Vaya 


output voltage 
V, when introducing counter-coupling an input voltage 
-Vim = (1 +an)V,,, 

reduced (t + & n) times; at the same time Va " and V, 3 are 


reduced in the same ratio. 


This is shown graphically in fig. 8 where for the 


AL 4 output valve with an anode load of 7000 ohms: 


the distortion with and without counter-coupling 
is plotted as a function of the energy passed to the 
anode load; the factor (1 + a n), which denotes 
the degree of counter-coupling was here taken 
as approximately — 4. : 
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Fig. 8. Distortion in the AL 4 output valve with an anode 
resistance of 7000 ohms plotted as a function of the power 
“developed in the anode resistance, without counter-coupling 
(curve [) and with fourfold counter-coupling (curve ll). 


In the above discussion we have in every case 
assumed an anode resistance independent of the 
frequency. Actually the load. is provided by a 
loudspeaker whose impedance varies fairly con- 
siderably with the frequency. At the resonance 
point, which is usually situated between 50 and 


100 cycles/sec. the impedance is a maximum. - 


, 
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is required, so that the amplification is ` 
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Above this point it is practically constant over a 
specific range, increasing again at stil higher 


‘frequencies. It is evident that, this variation in 
impedance will affect the fluctuations in loudspeaker 


current or the loudspeakér voltage as the frequency 

varies and hence also the purity of reproduction. 

Counter-coupling thus offers -a means whereby 

an arbitrary choice of the frequency characteristic 

can be made. If for instance for all frequencies the 

same fraction of the voltage V, at the load is taken _ 
as the counter-coupled voltage, which will corres- 

pond to a fixed fraction n, the voltage V; will.vary 

progressively less with the frequency as the counter- 

coupling increases; eventually V, = V;[n, i.e. quite 

independent of the frequency. If, on the other hand, 

more powerful reproduction is desirable over a 

specific frequency range, for instance in the higher 
notes, the ‘counter-coupling can be so adjusted 

that it is smaller for the range in question than for 

other frequencies.. ” XE 


Fig. 9. Circuit for a counter-coupled amplifier in which the 
voltage is not fed back to the grid circuit of the output valve 
but to the grid circuit of the preceding amplifying valve. 


Fig. 9 shows a further circuit in which the counter- — 
coupling is not applied to the grid circuit of the | 
output valve but to the grid circuit of the preceding 
amplifying valve. This offers, inter alia, the ad- 
vantage that not only is the distortion in the output 
valve reduced but also the distortion in the whole 
of the two-stage low-frequency amplifier. 


` 
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ELECTRICAL FILTERS II 
Vacation course, held at Delft, April 1936. l n : 


By BALTH. v. d.-POL and TH. J. WEIJERS. 
PRACTICAL CALCULATION OF FILTERS WITH SINUSOIDAL E.M.F. 


E i 
Summary. In this article the characteristics of filter sections are syeternatically discussed 
by the method of Campbell and Zobel!) in which the filters are defined by their 
image impedances Z, and Z, and the propagation constant T. Some simple fundamental 
types (T-sections, II-sections and half-sections) are analysed in detail. From the character- - 
istics of the filter sections the characteristics of compound filters can be directly derived, 
the filter sections of the latter being closed by their image impedances. Particularly 
useful for obtaining a systematic survey of the subject is a study of filters composed of 
non-dissipative impedances (inductances and capacities). In these cases there are sharply- 
defined transmission and attenuation bands in the frequency range. In the sections dealing 
with the m4-transformation and the m,-transformation, a method is outlined for deriving 
from T-or II-sections a series of new filters having the same image impedances and trans- 
mission and attenuation bands, but a different propagation constant, the latter being 
defined by equations (25) and (31). If this transformation is applied to the asymmetrical 
half-sections only one of the image “impedances remains unchanged, the other being 


altered as determined by equations (24) and (30). 


i 
' 


Magnitudes, “defining the filters. 


As indicated in the first article ?) the character- 


'. istics.of a filter can be expressed in terms of three 


parameters. In the. following +) we shall select for 


„these three parameters the primary image imped- 


ance Z,, the secondary image impedance Z, and 
the propagation constant T. The calculation of 
these magnitudes for a given filter is based on 
another system of variables whose values can be 
readily determined, viz., the primary and secondary 
open-circuit and short-circuit impedances Z,, Zak 


Z,, and Z,,, which, being ‘impedances of imple 


' networks can be easily calculated. After determining 


following form: 


these magnitudes we can calculate from them Ze 


Z, and T using the formulae in the table on pp. 242 
and 243 of the previous issue of this Review: 


Za = WLao Lar > (1) 

4 = 1200 Zu 3 (2) 
TA 

tanh T = k 

in y z (3) 


à Zl, = = 3 Zia lous 4 in 1 eqüation (3) this quantity 
has beén abbreviated for the sake of simplicity to 
Z,|Z, Equation (3) -can also be written in the 


1) Campbell, Bell Syst. techn. J., vol. 1, No. 2, 1922. 
Zobel, Bell Syst. techn. J., vol. 2, No. 1 1923. 


2) Cf. Philips techn. Rev., 1, 240, 1936. For the following 
see the large table line 3, ‘column 3. 


quen m LL us d) 


In general Z, and Z,, and hence also T, are complex. 
If we put: 7 


T=a+jß 
we get: : i 
lL 4/2 " Z, : 
—Á— m = — *e —a—ifp., de 8 5 
pal, sey 6) 


It is thus seen that a determines the attenuation 
and f the phase difference between J, and I}. 


Filter sections 
- The design of a filter to meet specific requirements 


usually consists of a stepwise process of compounding 
a certain number of filter sections. We shall 


. limit discussion below to the symmetrical T-section, 


the symmetrical lI-section and the half-section. 
As already indicated two impedances are all that 
are required for a symmetrical filter to define the 
characteristics of the filter. To construct a filter 
section we therefore start from two impedances 
Z, and Z, (fig. 1a) which are termed “full branches” 
and from these build up the sections enumerated 
in the manner shown in fig. 1b, c, d and e. If two 
half-sections are suitably connected in series, we 
get a symmetrical T-section or a symmetrical 


IIL-section (fig. 2). A half-section can thérefore be 


regarded as half a T-section or as half a JJ-section. 
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SUE 3 : Fig. 1. Filter sections made up of the “full branches” Z} and Za,’ 
. a) Full branches, mi 

- b) Symmetrical T-section, s : x 
c) Symmetrical II-section, : 


d) Half-section, 
: e) Half-section. 


lez £ %2 


e - 
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Fig. 2. a) T-section composed of two half-sections, 
E ` b) H-section composed of two half-sections. 


Compound Filters 


A compound filter is obtained by -connecting 
` individual ` filter sections The image 
impedance and the propagation constant of this 
compound filter may be determined from the 
corresponding .value of the separate sections: 
-As already pointed out the primary image 
‘impedance Z, is the impedance across the primary 
terminals 1 and 2 when the secondary terminals 


' and 4 are closed with the secondary image 
impedance Z, (fig. 3). : 


in series. 


NEA 


za s 


- 

(761 

Fig. 3. Filter section, secondary closed with the corresponding 
image impedance. . 


It is immaterial how the impedance Z, is produced; ` 


it can, for instance, even consist of a filter with a 


`> primary image impedance Z, whose secondary is. 
closed by its own secondary image impedance Z.In 


the diagram (fig. 4) this second filter is equal to the 


gla a4 | ety 


hop. Weds 
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Fig. 4. 
section. 


Filter section, secondary closed with a closed filter ds 


given filter, so that Z, = Z, = Z; this is naturally 
not imperative, for the only condition which must 
be met is that the interconnected‘image impedances 
must be equal and the output of the second 
filter must be terminated with THE corresponding 
image impedance. : ' 


‘In this way filter chains can: be cotapounded of. 


any number of sections, the primary image imped- 
ance Z, of the whole “filter remaining equal to : 
the primary image impedance ‘of the first section. 
Hence the secondary image impedance, of the 
whole filter is equal to the secondary iniage 
impedance of the last section. If the image imped- 
ance of, the -sections are different, the image 
impedance of the ‘compound filter will not be 
equal to that of the terminal sections and will . 
in general be an irregulàr, fluctuating function of 
the: frequency. This gives the undesirable ‘result 
that I,/I, also will vary irregularly, with the fre- 
quency. Thus in the practical design of filters it 
is usually to make the twó image impedances at 


‘the junctions of two sections equal to each other. 


This is assumed to be so in, every case in ‘the: i 
following analysis. ; i 

The propagation constant- T of the compound 
filter is calculated from the propagation constants 
Tj, T5, T, ... T, of the individual sections. We have | 
seen above (5) that L/I, = ~Z,/Z, . € 7. It 
follows from fig. 4 that the secondary current J, 
of the first section is thé primary current.of the 
second section. Similarly the secondary current J; 
of the second section is equal to the primary current 
of the third section, and so on. For a compound 
filter made of n sections we have therefore: 


^^. 
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I 4/2% 
iz 
iex: 


I, Z 


n n+l. 


ett / Za e^ Th . 


The continued product of these equations is: 


eg TEES S "Lo (6) 


Ath =V = 
Zapı 


> propagation constant of the compound filter 


‘is hence equal to the sum of the propagation 


constants of the individual sections. 

The relationship between the primary and the 
secondary currents of the filter is deduced from 
the assumption that on the secondary side the 
filter is closed with its image impedance. In practice 
this is however never the case at all frequencies, 


. so that I,/I, is found to be a non-uniform function 


of the frequency in the transmitting bands; the 
deviations from uniform variation will be the 
greater the greater the secondary terminating 


resistance , deviates from the secondary image: 


impedance. An endeavour must therefore be made 


".to match these two impedances as closely as 


possible in the transmission bands. As we have 
already seen, the image impedances of compound 
filter sections are equal to those of the terminal 
sections. In the following chapter it will be shown 


. that the image impedance in the transmission band 


is a pure real resistance, which however varies 


. with the frequency. We shall later discuss several _ 


special forms of terminal sections, in which the 
image impedance throughout the greater part of 


the transmission band is practically independent ` 
of the frequency. If a terminal section -of this. 


character is closed by a suitable constant resistance, 


. a very close approximation to the above ideal case 
“is obtained. The very tedious, accurate calculation 


of I; |I, will not be dealt with in this series of lectures. 


.. We shall study a large number of different classes — 
‘of filter sections of which a few will have the same 


image impedances but different propagation con- 
stants which vary with the frequenéy. Filter sections 
will also be included with propagation constants 
of the same function of the frequency but with 
different image impedances. To construct a filter 


with. a propagation . constant meeting specific: 


requirements, a number of known types of filter 


` sections are linked up, their choice being such 
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that the sum of the propagation constants of the 
individual sections gives the requisite frequency 


function. Furthermore from the sections with the 


same propagation constant those types are selected 
that give the same image impedances at aH junctions 
of the sections. 


Filters composed of non-dissipative reactances. 


Optimum energy conditions are -required in the 


transmission band. If the filter contains resistances 
energy will be lost so that as a rule a filter 


will be built up from reactances, self-inductances, 
capacities and mutual inductances having the 
minimum possible dissipation. True non-dissipative 
reactances cannot be realised, but the loss can be ` 
reduced to a minimum. We shall therefore first 
consider some characteristics of ideal filters com- 
posed of non dissipative reactances. 

For these filters the open-circuit and short-circuit 
impedances Zaos Zaks Zio and Z,, are imaginary 
(for certain specific frequencies zero or infinite), 
as they are impedances of networks composed 
exclusively of imaginary impedances. Z,/Z, as a 
quotient of two imaginary quantities is however 
real. l l 

If in à certain frequency band Z,/Z, is negative 


.then it follows from equations (1) to (5) that Z, 


and Z; are real and T is imaginary, ie. a = €. 
A real impedance in a passive network is never 
negative, so that Z, and Z, are here positive 
and real. It thus follows from (5) that: l 


ln E Za 
D | Zr, 


Hence |? Z, = LI Z,, ie. the apparent power 
input.on the primary side of the filter is also 
available at the secondary. The filter thus causes no 
attenuation; this frequency band is thus a trans-_ 
T band. The propagation constant is here 
= j p signifying that the phase angle between 
i and I, is f. If in a particular case Z, = Z, then 
I) = Ij; the amplitudes of the primary and 
secondary currents are then équal. , 
Ifin a particular frequency.band Z,,/Z, is positive, - 
then we have pari passu that Z, and.Z, are 
imaginary and T = .a `+ j B = complex, where 
a> 0 and f is a multiple of z/Z; We then have 
Ij Z, < I’ Z; the apparent power output on the : 
secondary side of the filter is thus smaller than the . 
input of the primary side. The filter thus has an 
attenuating effect, so that this frequency band is 
therefore an attenuating band. i 
-Tt is found from the above that for a filter 
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composed of non-dissipative reactances the image 
impedances in the transmitting bands are real and 
in the attenuating bands imaginary; TE are 
therefore never complex. ` 

: The frequency at which a transmission band 
passes over into an attenuating band is termed the 
limiting frequency; Z,/Z, here changes from a 
negative to a positive value and is therefore zero 
or infinite. o 

Special. importance attaches to the ‘frequencies 
at which Z,/Z, = +1. For from equation (4) it 
follows that for these frequencies € 77 
from equation (5) I, — 0, i.e. the filter allows no 
current to pass with these frequencies, which are 
termed frequencies with infinite attenuation. 
It is also evident that the attenuation is infinite 
at Z,/Z, = +1, ie. when Z, = Z, Z4, = Z,, 
signifies that shorting or opening the secondary 
terminals does not affect the impedance between 


the primary terminals and hence does not alter the . . 


current distribution in the filter. With the secondary 
' terminals open just as little voltage is present as 
when these terminals are shorted. If an external 


impedance is connected across these terminals, no 


current will pass through.it. But zero secondary 
current signifies an infinite attenuation. 

` These considerations naturally apply only approx- 
imately to non-ideal filters in which the coils and 
‘condensers always ‘have a finite resistance. The 
transmitting and attenuating bands, the limiting 
frequencies and the frequencies with infinite 
attenuation are then defined as above, at the same 
time neglecting the resistances. In the transmitting 
bands there is a certain attenuation present; for 


“frequencies with infinite attenuation" the attenu- . 


ation is then not infinite but has a maximum. 
In determining the image impedances the resistances 
in the filter coils and condensers can as a. rale 
. be neglected , without introducing any error. 


Image Impedances and Propagation Constants of 
Filter Sections after fig. 1. 


The following three, parameters are taken as 
defining a filter: théi image impedances Z, and Z, and 


the propagation constant T. The filter sections in 


. fig. 1l are however determined by the impedances 
Z, and Z,. We shall express the open-circuit and 
short-circuit impedances in terms of Z, and A 
and then with the aid of equations (1) to (4) 
obtain the image impedances Za and Z, and the 
propagation constant T. 

If we form a  T-section from two Alf sections 


(fig. 2a) then at the junction of the half-sections ; 
satisfied that equal image: 


condition is 


the 
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= 0, so that’ 
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impedances close each other: each of the two half- 
sections is the image of the other. If a J/-section 
is constituted from two half-sections (fig. 2b) this 
condition is similarly met. It thus follows that the 
image impedances of the T-section are the same as 
the image impedances of the half-section on the 
left of fig. ld and that the image impedances of 
the II-section are the same as the image impedances 


- of the half-section on the right hand side of fig. 1d. 


Thus in fig. 1b to e there are only two different 
image impedances, which for the sake of clarity 
we shall no longer refer to as Z, and Z, bit as Zr 
and Zy, as indicated in fig. 1. The image impedances 
and the propagation constant are most easily 


calculated for the half-section from, the open: ` 


circuit and short-circuit impedances: Z, and- Z,,. l 
For the left-hand side of the half-section' after 


fig. ld we have:^, "m 
Z; = Zi t 225 » (7) 
Le = Me Zi a a ee (8) 


= Z 
Zp = 7%, Z= ZZN: "az fa 


- 


For the right hand side of d: half-section according : 
to fig. ld (left hand side of fig. le) we have: 


AT aq p oe qa (10) 
E 2 Z, Z : z 
Ham vba (11) 
Z 0425. d 
; | JZZ. | 
“Za = YZ, Z, = TA = (12) 
15d | 
For both sides of the half-section we therefore get: 
Zool Wh eo d Rey ee (13) 
Z, H 4 Za : X 
Leg 


Zi 
The propagation constant T of the half-section 
then satisfies the equation: ; 


A WT 
E A 


Veale 
42, T 
which is obtained by: acides equation. a5 
in equation (4). 
For.a whole section, which whether of the T-or 


the I-type may be regarded as a series combination 
of two half-sections; the propagation constant from 


Le. id (14): 


‘equation. (6) is double as great as for the half-section: 


thus for both the T-section and the, Il-section we 
have: 


DM j 
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We thus see that the magnitudes which define our 
filter sections?) viz., Zr, Zy and T can be expressed 
in terms of Z, Z, and Z,/4Z,. Since T depends 


; .. (8) 


.. merely on Z,/4 Za we will not calculate T' but only 


Z,/4 Z, and read T from a graph giving its value 
as a function of Z,/4 Z}. The method of graphical 
representation will be discussed in the next article. 

As shown at the outset, in the case of filters 
composed of non-dissipative reactances ZZ, is 
negative and real in the transmission band. 
Expressed in terms of Z, and Z, this condition may 
be written according to equation, (13) as follows: 


N 


-1z <0. 


c4 Z, un 


Ít follows heko that for the limiting fre- 
quencies. one of the two relationships: 


Z i 0 ! 41 : 
42, | n 
is satisfied. Z,/4 Z, = 0, when Z, = 0 and Z, Æ 0, 


or when Z, +Æ co and Z, = œ; hus Z, = — l, 
when Zi = A42. - Sud 
For frequencies with infinite attenuation 
the condition applies: 'Z,/Z, = +- 1, from which 
cmon equation (13) we get: 
f Z ' 
n = co 
P 4Z, 
co and Z; X co, or Zy E T cud 
This may in fact be directly inferred, for if 


(18) 


ie. Z, = 


Z, = œ, the branch will allow-no current to 
pass and the secondary current is therefore zero; 
if Z5, = 0, the voltage between the, two ends of 


the branch will be zero and behind this branch, i.e. 


also between the secondary terminals, no current 
will flow. The cases where Z, and Z, are both 
zero or infinite require closer analysis. 


m-Transformations 


in the ‘T- and J7-sections as shown in fig. bande : 


we have studied sections which have the same 
propagation constant but different image imped- 
ances. We shall now analyse a method by which 


3) There is a duality "between T-sections and J-sections. 
If in IL-sections the ‘admittance 1/Z is introduced as a 
variable in place of the impedances Z, formulae are 

- obtained for equations (10) to (12) which are almost identi- 
cal with equations (7) to (9) for T-sections. In this way it is 
possible to apply the results of calculation for T-sections 


to T-sections and vice versa. Equations (21) to (25) for - 


the "mj-transformation'" and equations (27) to (31) for 
the **ma-transformation" are examples of this. 


- 
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from a given filter section which may be regarded É 
as the fandamental type and whose characteristics 
are denoted, by an accent, other sections can be. 
derived which have the same image impedance, 
but different propagation constants. It has been 
shown above (p. 272) that the image impedances 
in the transmitting band are real and in the attenuat- 
ing band imaginary. It follows from the fact that 


'the derived filters have the same image inipedances 


as the fundamental filter that both types also have 


the same transmitting and attenuating bands. 


à) m4-Transformation;. We shall first analyse how 
from the half-section in fig. 1d another half-section 
can be derived, which on the left has the same 
image impedance Zp = Zy. If in the expression 
Zr = \Z,Z, wé multiply the short-circuit imped- 


“ance Z, with a positive real number m and divide 


the open-circuit impedance Z, by the same value 


_m, Z4 will remain unchanged. For the original 
. half section Z,' = !J, Zy, and for the transformed 


section we therefore have: 

Z, = 2A m Zi; (19) 
thus for the original section Z,’ = ![, Zi' + 2 Zy 
and for the transformed section: 


oA HE 


2m m: 


(20) 


The guest now arises as to the composition of 


the filter section conforming „with this conditions. 


If Z, and Z, are the impedances of the full branches 
of the transformed section, then it follows from 
equations (7), (8), (19) and (20), that: . 


Z =m; (21) 
| J—nm 1 
Z, = LÀ +— Zy (22) 
^m A 


With these values for Z, and Z, for a full section, 
a T-section, a Il-section and a half-section can be: 
formed (fig. 5). 

As the image impedance Z; P. the T-section 
(fig. 5b) is the same as the primary image imped- 
ance Zp of the half-section (fig. 5d), the image 
impedances Zp of the T-section (fig. 5b) and Zy 
of the fundamental type (fig. lb) are equal, so 
that we have: $ 


Zr = Ler; . i (23) 


independent of the choice of the parameter m. 
From equations (12) and (14) we get however that 
in the transformed half-section Zx and T differ 
from Zx and T". For these sections we then get 
from equations (12), (19), (20), (21) and (22) on 


: pu l—m= = Lja: 2. : $ X 
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= Ful branches ; d) T-section . ] © c) T-section ] 4) Half-section res 


" EE : , Fig. 5. m NUM The image Bedae Zr of the vention (b) are equal to 

Y RE the primary image id Zp of the half-section (d, left) and are also equal to 

í the image impedance Zy of the fundamental type (fig. 1b). The image inípedances Za 

` -of the M-section (c) are equal to the secondary image impedance Zz of the lialf-section 
(d, right), which is however not equal to the image impedance Zz’ of the fundamental A ogoi 
type (fig. lc). The propagation constant T of the T-section-(b) and the W-section (c)  . Sol ums 
are equal but not egual t to the propagation constant T of the fundamental types ; 


(figs. 1b and c). . ^ -> 
; ; Ol Ziar ; defined as those-in which Z, remains constant. 
Zn = Ly (2 ka aA 2) Z9 (24) À method analogous to that employed in the m4-. 
Z, Zi ^" m l . l transformation can also be used in the m, trans- 
4L OAM, 1 D Z/ Bera (25) formation: - . E Ns p 
a? 4 AZ, e - Zi = the parallel coinbination of m Zy md dme 25 
MES Er therefore T-sections of the fundamental type CR "en 
and the transformed type are connected in series, 1 . 
equal image impedances will always be obtained Z, = m poete roewe toog ss (28) 
at the junctions. This does not however apply to i EN m 
; TLsections. Za = Ln oo ft t ot AS (29) 
It follows from equation (22) that an Wane: mE k.o7 1I "s 7 
formation is only rational when: ` - Zr TU "Ex B ms quos (30) 
; Dam Slug Q6) —— EE Lir 
If m = 0 the filter disappears; for m = 1 we arrive. Z z m C 
back at the fundamental type. ` Hm cm PL E E 
Since by this transformation of the fundamental 4Z, 42, i E 
type Zr does not change, this method is termed : a a’ 4. 4 Z ‘ 


that of m;-transformation. Here again condition (26) must be satisfied. It is 


b) ma-transformation. mz,-transformations are seen from equations (25) and (31) that at the same 


Ro € * ow — ^ dm vi ^07 gm gt l m zt 
| an pr EE - 7 RA | ^ £m242 fa 


` a) Full branches | Z3 b) T-sectión. ` . €) T-section Tog d) Half-section E 


Fig. 6. m, Transformation. The image impedances Z,, of the H-séolion (c) are equal to 
the secondary image impedance Z,, of the half-section (d, right) and also equal to ^ oo. 
the image impedance Za of the fundamental type (fig. 1c). The image impedances Zp i j 
7 of the T-section (b) are equal to the primary image impedance ZT of the half-section . 
l D '(d, left), but are not equal to the image impedance Zz of the fundamental type. ' 
` (fig. 1b). The- propagation constants T of the T-section (b) and of the JI-section (c) are 
, ! equal to each other, and are also equal to the propagation, constant for T- and II-sections 
in mz-transformation (fig. 5, b and c), but are to the propagation. constant T' of 
the fundamental types (fee lb and c). 
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value of m,:Z,/4Z, and hence the propagation . image impedances will always be obtained at the 
constant T'is the same for both transformations. junctions. This does not however apply to T-sections. 

Fig. 6 shows how froni these transformed branches It is evident that, for instance, after applying 
òf a T-section, a [J-section and a half-section can ^ the m;-transformation the transformed section can 
be produced. If [J-sections of the fundamental and again be regarded as a new fundamental type and 
transformed types are connected in series, the same an mz-transformation applied to it and vice versa. 


o—— e oio ee Reactance Diagrams. 


« 


A general. characteristic of networks 
composed of noh-resistive reactances is a- 
monotonic increase in the impedance with 
rising frequency, apart from discontinuous 
transitions froni + j co to — j co. As 
an example fig.7 gives the reactances, 
which-will be used later as filter branches, 
the reactance being plotted as a function 
of the frequency. In the case of reactances 
having more than two elements, several 
equivalent circuits can be obtained (figs. 
7e toh). . "A 

These reactancé diagrams offer a simple 
means for derivirig at least qualitatively, 
the most important characteristics of the 
propagation constant of a specific filter . 


dk section. E 
ü z ma des ae ERG In the m article it will be shown 


how these reactance diagrams aré utilised 
in the analysis .of the various simple 
types of sections for low-pass, high-pass 
and band-pass filters. 


9. : R A 17158 


| Fig. 7. Reactancescomposed of 1, 2, 3 or 4 elements. 
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A NEW APPARATUS FOR TESTING THE FASTNESS-TO-LIGHT BE MATERIALS : 


E 


a 


By J. F. H. CUSTERS. ^. j ue 


Summary. A testing device is described, which allows to investigate the fastness- to-light 


of materials by- means of a short time exposure. 


" 


Introduction 


The colour of no substance is absolutely fast 

` to light, and experience teaches’ that sunlight 
affects every material to a more or less extent, 
causing a permanent photochemical change in the 
colour and frequently also some change in the 
fibrous structure. The changes produced differ from 


material to material, both as regards intensity and ` 


nature. Some materials become lighter in colour, 
others darker, while again others acquire a colour 
totally different to their original colour. An instruc- 
tive example of decoloration was ‘observed by the 
author in a tobacconist’s window display, where a 
dark chocolate-brown packing had been converted 
to a greenish colour. On prolonged illumination 
the chocolate-brown paper became gradually 
changed to a very stable bright grass green. 

How can the stability of a substance against 
the action of light be tested and how can the 
fastness-to-light be standardised ? Where infor- 
mation of the fastness.of a colour or material under 
the action of sunlight and daylight is required, 
a suitable method of determining this appears to 
be the exposure of a sample of the material to 
sunlight to observe if after a time an appreciable 
change in colour is obtained. To arrive at standards 
of fastness-to-light it-is further necessary to know 
the variation in intensity of the radiation falling 
on the sample of material during its period of 


exposure, since the intensity of illumination is not _ 


constant. In addition to changes in the altitude of 
the sun (diurnal and annual motion of the’ sun), 
there are also changes in intensity due to the 
very pronounced fluctuations in the meteorological 


conditions of the earth's atmosphere. In the course . 


` of-an investigation the cloud conditions are liable 
to vary very considerably; but even without this 
change the intensity also varies owing to the state 
of humidity of the ,atmosphere. The. spectral 
composition of solar radiation is itself subject to 
fluctuation, thus during the winter sunlight con- 
‘tains much less short-wave ultra-violet rays than 


summer sunlight, and finally the composition of , 


- direct sunlight differs appreciably from that of 
indirect daylight, where again the cloud conditions 
play an important part. These fluctyations can be 


? 


EE 4 
DN 
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taken into account by recording with a suitable 
instrument (photo-electric cell or thermopile) the 
solar intensity during the éxposure of the sample 
and expressing the quantity of light found in this 
way in terms of a standard unit, for instance the 
amount of light which falls on unit surface of the 


‘sample in unit time on a bright cloudless summer 


day. It is, however, then tacitly assumed that the 
relative spectral energy distribution of the light 
falling on the material remains constant. On the 
basis of a method of test worked out on these 


lines, fastness-to-light standards could be evolved 


by defining various fastness-to-light classes, each 
corresponding to a specific number of the arbitrary 
standard units of light quantity.: i 
This method of investigation is, however, very 
cumbersome and tedious, especially when carrying 


‘out fastness-to-light tests düring the winter months. 


It is evident that simpler means must be evolved, 
and to some extent this need has been met. The 
methods arrived at are of two types. On the one 
hand, endeavours have been made to avoid the 
inconvenience already referred to,' by starting 
with a series of type colours each of which represents 
a specific fastness-to-light class; the sample under 
investigation is then compared with this standard 


'series. On the other hand, an artificial source of 


light has been evolved as a substitute for natural 
sunlight, which has usually a constant intensity 
and with. which the given sample is illuminated 


either with or without simultaneous 'exposure of . 


standard type colours. The principal requirement 


which this artificial light source has to meet is 


that the light emitted must have exactly the same 
relative spectral energy distribution as sunlight. 
It is sufficient merely to point out that a low- 
pressure mercury lamp, which is frequently employed 
for this purpose, is actually quite unsuitable, for it 
emits a line spectrum containing only a few lines, 


while the ultra-violet spectral lines radiated have. 


too great an intensity. 
With the artificial sources of light employed 
hitherto, it was a common difficulty that.to obtain 


an appreciable change in éolour in. the sample. 


irradiation had to be. eontaaed for a véry long! 


t 
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period. In the case of the new apparatus described 
below this difficulty was ovércome by concentrating 
the light from a special type of glowlamp in such 
a ‘way that the sample, whose fastness-to-light was 


under test, could be irradiated with 50 times the - 


intensity of sunlight. At the same time the spectral 
composition of the light is modified by a suitable 
filter so that it is closely comparable to that of 
sunlight. E l 


Principle of Operation ‘of Apparatus 


The concentration of the irradiation on the sample 
under test is based on the property of an ellipsoid 
of rotation that every beam of light radiating from 
one focus is reflected at the surface of the ellipsoid 


along a line passing through the other focus. This ` 


property is utilised in the apparatus described here 
by placing a nearly punctiform source of light at 
one focus .of the ellipsoid and the iere under 
test at the other focus. ; 


. Fig. 1 shows the energy distribution. E(A) ofthe ` 


light from the glowlamp as a function of the wave 


5000 ~ 7000 9000 `. 


Fig. 1. Spectral energy distribution curves: 
a) Glowlamp light. 
, b) Solar light. 


length in A (curve a). The light source is a 750-watt 
'gas-filled tungsten filament lamp, burning at a 
temperature of 3100 deg. K. at which it emits 
a total luminous flux of 20000 lumens and has 
. a life of approximately 100 hours. For purposes 
of comparison the energy distribution in sunlight 
is also given (curve. b). 

. It is seen that the two curves of energy distri- 
bution differ considerably. By means of suitable 


d a they can however be made Rod 


1 
i 


if 
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The transmission factor of an ideal filter for this 


purpose would at every wave length be proportional 
to the ratio of E (A) for the sun and the glowlamp. 
In the present case, there is the additional im- 
portant requirement to be met that. the filter itself - 
must be perfectly stable to the action of light, 
so that very few materials can be used as filters. 
An aqueous solution of copper sulphate of a certain 
concentration satisfies these two essential require- 


. ments very well, as may be seen from the following. 


Fig. 2 shows the spectral transmission curve of a - 
quartz vessel filled with a filter liquid of this type. 


100%, 


x 7000 A 
17155 


Fig. 2. Spectral transmission curves for a copper sulphate 
filter. Together with curve a in fig. 1 this curve shows that 
the filter absorbs a considerable portion of glowlamp light. 


This filter is placed near the focus so that the 
radiation incident on the sample passes through 
the filter and is thus partially absorbed. The 
absorbed portion is quite considerable, as may be 
gathered from a comparison of fig.1 (curve a) 
and fig.2, since all radiation emitted from the 
glowlamp with a wave length above approx. 7000 A 
— and this is more than 85 per cent of the total 


. energy radiated — is absorbed by the filter and 
. converted to heat. As a result there is a marked 


temperature rise in the filter vessel, which miust 
be avoided in some way or other, e.g. by' "filtering 
out the long-wave energy before the light reaches 
the filter vessel. A column of water of suitable 
thickness is very useful for this purpose, as shown 
by fig.3 which gives the spectral transmission 
curves for water columns 1 cm and 27 cm thick. 


0: ° 
. 2000 4000 10000 . j 7000A 
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Fig. 3. Spectral transmission curves for water colunins 1 and 
27 em thick. 5 
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The second curve applies to the method employed 
here, for in the practical design adopted for the 
apparatus the whole ellipsoid is filled: with pure 
` water. The dimensions of the ellipsoid: are 50 chosen 
‘that the path traversed by the light rays from 
focus to focus via the surface of the ellipsoid is 
27 om. It may be seen from the figure. that pure 
water is transparent for ‘all rays from 3000 to 7000 A, 
while above 9000 A all the incident rays are absorbed. 
` The light energy absorbed by the water is indeed 
so great that special provision has to be made for 
dissipating the heat evolved; details of the method 
adopted are given below. Fig. 4 shows the energy 
distribution in the plain glowlamp light (1), in the 


| TTR 
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Fig. 4. Distribution of spectral energy in glowlamp light: 
1) In plain lamp, 
2) After the light has been passed through 27 cm of water, 
and 
5)., After it has also been passed through the second filter, 
4) Energy distribution in sunlight (for comparison. with 
curve 5). , 


light after passing through the column of water (2), 
and after being passed through the second (copper 
sulphate solution) filter (3), as well as that in the 
- sunlight which reaches the earth (4). It is Seen that 
there is very good agreement between the relative 
spectral energy distributions in sunlight and the 
light issuing from the apparatus under discussion. 
The deviation is greatest at wave-lengths above 


approximately 6000 A. In this “wave-length range 


the photochemical effect. of the light is however 
so small that this difference may be neglected. 

It has been shown by investigations made by Reint) 
that the photochemical changes observed in materials 
are due principally to the visible radiation with very 


1) H. Rein, Z. angew. Chem. 47, 157, 1934. 
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bigh energy. By comparative illumination experi- 
ments of objects through quartz glass (complete ex- 
posure to solar radiation) and through window glass 
(elimination of wave range below approx. 3250 À) 
Rein showed that contrary to common opinion 
the short ultra-violet of sunlight contributes only 


very little to the action of sunlight on all kinds 


of coloured materials. It depends entirely on the 
absorption spectrum of the, material under inves- 


tigation which range of wave-lengths causes the 


most marked decoloration. White and yellow 
pigments (e.g. white or undyed textiles or dyes, 
white paper, films, etc.) which absorb ultra-violet 
light exclusively and whose absorption usually 
increases with diminishing wave length, exhibit 


' very marked differences on illumination through 


quartz glass and window glass. Tt. is therefore 
desirable for the artificial light source to cont- 
ain wave-lengths down, to 3000 A. Coloured 
materials not only absorb in the ultra-violet, but 
also a,considerable proportion of waves in the 
visible part of the spectrum, and since the sun 
is richest in just these rays the photochemical 
action of sunlight is particularly due to this range 
of wave lengths. 


Construction of Apparatus 


The general construction of the apparatus evolved 
is shown in fig. 5. Owing to the difficulties encount- 
ered in the construction of a complete ellipsoid, only” 
the upper half of the ellipsoid has been employed 
and fitted at the top with a neck. The lower side 
consists of a conical jacket which at the bottom is 
closed by a quartz plate K. On the interior the ellips- . 
oid is bright chromium-plated. The coefficient of 
reflection of chromium for vertically incident light. 
varies in the wave-length range in question here - 
(from 3000 to 7500 A) from 62 to 71 per cent. 
Since the greater part of the light from the glowlamp 
strikes the surface at a fairly flat angle, the average 
coefficient of reflection is in fact much greater. 


The ellipsoid and the ‘cone are filled with 


` water up to the edge of the neck. The incandescent 


filament of the lamp is situated at the focus B’, 
this lamp being made from a specific kind of glass , 
to prevent the immersed part of the bulb from: 
cracking. The liquid filter vessel is located at C 
and is also immersed in the water -filling the 
ellipsoid, for in spite of. preliminary filtering 
through water.so much, heat is still generated in C 


` that if the vessel were placed in air it would crack. . 


Inthe arrangement adopted here, the heat developed 
in C is absorbed by the water. To provide additional ` 
means for the dissipation of the heat, the ellipsoid 
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has been fitted with a cooling jacket N connected 
to a water tap at c; d is the outlet for the cooling 
water. The sample of material irradiated is located 


47151 


Fig. 5. Construction of the fastness-to-light meter. B’ is the 
incandescent filament of the lamp situated at one focus of 
the ellipsoid. The glowlamp is always accurately positioned 
at the focus B’ as it is secured to the holder H by a positioning 
flange. C is the copper sulphate filter. The sample under test 
is placed at the other focus B^ and is fixed to a turntable 
holder; it can be cooled by the electric blower B. 


at the focus B” which is slightly below K. The 
sample is clamped to a metal holder under a circular 
diaphragm 15 mm in diameter (for which springs 
V' and V" have been provided), so that one part 
is exposed to radiation and the other part is 
screened. In spite of the extensive measures taken 
to absorb the long-wave energy in the two light 
fillers supplementary cooling of the sampling has 
been found necessary in some cases. This is indeed 
not surprising when it is remembered that the 
effective intensity of illumination of the sample 
is about 50 times the intensity of sunlight. A con- 
siderable proportion of the light falling on the 
sample is converted to heat and to dissipate this 
heat energy cooling water is circulated through the 
centre of the sample holder and flows out through 
b, entering the cooling jacket N at c. In this way 
an excessive temperature rise at the sample is 
effectively avoided, provided that the material 


PHILIPS TECHNICAL REVIEW 


Vol. 1, No. 9 


itself is a good conductor of heat (or is sufficiently 
thin) and a heat conducting path is established 
with the metal holder. If this cannot be achieved, 
as with woollen or rough materials which are able 
to accumulate warm air between the fibres, cooling 
from above is essential, and is provided by a rapid 
current of air directed by the electric blower B 
against the surface of the material. 

In regard to the fixing of the light source it 
should be mentioned that the glowlamp is fitted 
with a so-called positioning flange with which the 
lamp is secured in the holder H in an invariable 
position; the holder H rests against the head S and 
is secured with the clip L.The incandescent filament 
of the lamp is thus always brought exactly into 
the focus of the ellipsoid. A mains-fed transformer 
is employed for feeding the lamp and motor and 
is accomodated in the foot of the apparatus. The 
current consumption of the lamp is indicated on 
the ammeter M and can be regulated by means of 
two switches. A general view of the whole apparatus 
is shown in fig. 6, while fig.7 shows the rotary 
plate holder for the sample of material under test. 

Although tungsten, which volatilises during the 
running of the lamp, rapidly blackens the lamp 


Fig. 6. General view of fastness-to-light meter. The total height 
of the apparatus is approx. 85 cm. 


SEPTEMBER 1936 


ET 


Fig. 7. View of the lower side of the meter showing the turn- 
table holder for the sample under test and the fan with blower 
hood for cooling the sample when necessary. 


bulb the surface round the incandescent filament 
remains perfectly clear in view of the special design 
of the lamp adopted. The luminous flux of the 
apparatus is thus maintained constant throughout 
the life of the lamp. 


Results of Investigations with the New Apparatus 


Apart from extensive experiments carried out 
to determine the comparative illumination inten- 
sities of the apparatus and the sun, a series of 
comparative tests were also made with a variety 
of samples of material. Thus 30 kinds of offset 
printed colours of different shades and degrees of 
fastness-to-light were irradiated, every colour 
showing the same degree and type of fading after 
30 minutes exposure in the apparatus as obtained 
with exposure to sunlight for a period of eight sunny 
days in September. The yellowing of various kinds 
of white paper was found to be exactly the same 
in this apparatus as on irradiation by sunlight; the 
normal colour of newsprint was altered after two 
hours illumination to a yellowish brown. Coloured 
samples of paper with a low fastness-to-light 
exhibited a marked fading already after three 
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minutes irradiation, while after 30 minutes they 
had been completely bleached. 

Samples of textile materials were also tested. 
An apt example is the series of standard blues 
already referred to, which under the fastness-to- 
light meter became decoloured in the same way 
and in the same order as when exposed to solar 
radiation. This series contained eight examples, 
numbered from I to VIII, the fastness-to-light 
coefficient increasing from I to VIII. No. I exhibited 
a distinct decoloration already after three minutes 
exposure in the meter, and No. V a just detectible 
change after an hour's exposure. If a textile material 
shows no distinct decoloration, after one hour's 
exposure it appears to be adequately fast to light. 

Owing to the variety of practical requirements 
which have to be met, the time of exposure to 
light which a sample must be able to sustain 
without  decoloration varies according to the 
nature of the sample. In the case of textiles it 
is reasonable to prescribe a minimum period of 
exposure of at least an hour, for printed colours 
(black and other colours) on paper at least half 
an hour, and for varnished colours at least two 
hours before a change in colour takes place. 

With certain textiles a striking behaviour was 
observed. On exposure to irradiation they became 
darker and during a subsequent period of non- 
irradiation they regained their original colours 
almost completely, only a slight residual change 
being detectible. Owing to the weak intensity of 
sunlight this behaviour is barely or not at all 
visible under normal conditions (many lithopones). 
since the material has an opportunity to recover. 
Actually after suitable solar irradiation the residual 
effect alone is observed. In general, only materials 
with a pronounced fastness-to-light exhibited this 
reversible behaviour in tests with the apparatus. 
In practice the same standards can be retained here 
as adopted for materials showing a normal 
behaviour; after irradiation a short period must 
be allowed to elapse to see whether the darkening 
in colour disappears or not. 

In conclusion, reference must be made to the 
possibility of using the apparatus described for 
formulating fastness-to-light standards. To stand- 
ardise this. property in terms of solar exposure 
hours has very little practical value. Since the 
apparatus described here permits a constant 
intensity of irradiation to be maintained, and 
according to experience produces the same fading 
as the sun, it offers a standard illumination for 


use in fastness-to-light tests. 
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FESTIVE ILLUMINATION OF THE NETHERLANDS CRUISER “DE RUYTER” 


harbours this new cruiser has been 
equipped with an installation by means of which the entire 
vessel can be brightly illuminated, without having to depend 
upon search-lights on the shore. The grey hull is lighted 


For visits in foreign 


by 24 incandescent lamps of 500 watts in enamelled reflectors, 


which are hung outboard from suspension poles 20 ft. long. 


The fire-control tower, which is about 65 ft. high, is illuminated 
by six 750-watt lamps in mirrored reflectors. The gun-turrets, 
the boats and other accessories are lighted separately. Alto- 
gether, 30 kilowatts have installed for this 
illumination. 


been festive 
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^ . THE PERCEPTION OF COLOUR >> o> 


By- P. J- BOUMA. . A ee ee 
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- Summary. The principles ‘of colour" vision dre discusséd 4 inthis article, consideration = ` : 

of the problem: being limited.to its qualitative aspects. An investigation is made of the . +: EISE 

m _ conditions détermining the production of a,colour sensation.. , Following. consideration .., 7. .-: - et 
of the effect of the nature of-the incident light and the characteristics of the object il-- e 
luminated, the properties of the. eye, are discussed. ‘It is shown that all colour sensations M 
or impressions.can be represented graphically i ina plane. The effects of very low brightness . 

: levels and | of. simultaneous and successive contrast, are then, considered, and nally "brief - UT 


reference i is made to the: ‘theory "of colour vision. 


«When I look out a the windows 1 see, that the 


ww 
-— 


grass is. green". E. 

We all agree with this statement; "but asa wale 
we do not realise thé vast complexity. of phenomena 

which lead: us to. (draw: this ape suüple. 
conclusion. n m d eol 

The sun TERN N the grass - “with: light 'con- 
taining practically all: waye- lengths ofthe visible 
spectrum in’ definité proportions., Of: the incident 
"light the: grass reflects. -a ¿certain portion; but ` 
mot the. same ` proportion of each of the various 


, wave-lengths is reflected. A portion of thé reflected 


light — whose spectral composition is thus different 
| from that of the incident ‘sunlight — impinges: 


on the eye, penetrates -into it and after refraction 
in the lens and liquids of the eye throws an image 
on the retina. The formation of this image produces 
certain stimuli i in the optic nerves; these stimuli 
are transmitted: to the brain and there become 
registered by, our conciousness; the impression 
which we finally receive we describe briefly by the 
statement: "I.see' the grass is green”. f 

_ +. This step by step analysis of the process of 

vision also teaches “us the conditions determining 
the production of a specific colour sensation. 


Effect of the Nature of the Incident Light ` 


The nature of the light. falling on thè grass can 


differ in two particulars, viž., 
l) In character (spectral goianos: 
2) In quantity (intensity of illumination). 


To visualise the effect which the spectral com- -> : in quick. succession in: daylight. and glowlamp : 


position of the-incident light has on the colours 
` of illuminated objects, let us consider a few im- 
portant ‘practical examples: . : 
a) If sunlight is replaced by nearly monochromatic 
sodium light, then all objects are almost 
exclusively illuminated with wave lengths of 
5890 and 5896 A. Whatever may be the 
properties of reflection of the objects, they can. 
never reflect ahy light other than rays of these 


b) 


"that the red rays ; are: 


' surroundings 


DS " fag tia i s 
* "T e. ` Je w d ` 


: « x * 
= E Es E $ 
. = ONE E 


; Erag sron ee aA 
particular * wave-lengths +). VEhe- nets, result’ is: 
that the same type of.light impinges on the “eye 
from every object: We'see all objects as yellow, 
and only the *dark?. objects, which reflect. only 
a small amount of light, appear <a: brownish 
yellow. It ‘cannot be expected: that id these ` 


. circumstances thé grass. will still appear: green: 
In light from.a inercury ` vapour- lamp: our .^ 


closer 
ppearance in the “world 


already .. have a. much’. 


* 
B 


resemblance .to ,their-t 


“of” daylight”; névertheless it is observed that 


‘various: objects ; exhibit” an unnatural, ie. 


^ abnormal;. colour. This i is. 3nainly due to the fact 


bsent in mercury. ‘light 
and all blue rays; havé been concentrated. tota 
single wave length: (4358 À). Since. "the in- 


 cident light has a digacit spectral composition . 


e) 


to daylight, this will also be the case with the - - 


reflected. light, with’ the. net result that the col- 


Ours appear different to us. ^ — . E 


Also when we use the light from ordinary 


' electric: ‘glowlamps our surroundings will again . 


appear different to what we see in daylight. 


^^ That the difference in this’ case is, less striking : 


is partly due to the fact-that we have become 
more accustomed: to this ‘type of light, ; and 
partly because the light from a. ‘glowlamp 


t. with its continuous spectrum differs much: less 


from sunlight ‘than, for. instance; sodium’ and 
mercury light. Very striking are, however, thé 
differences when,’ we view.thé same suitoundings 


|. ‘light, or when a sheet of paper ^s illuminated 


1y 


‘half with- - daylight : :and' half -with ' glowlamp 


"light (for instance when the paper is“ hele in 


a 


We must here make an exception of the so-called 
fluorescent substances, i.e. chemical substances which 
transform incident light into light of.different (longer) 
wave length. Thus rhodamine converts yellow sodium 


. light into red light and is therefore employed in practice 
' for making traffic signals (boards) appear red on sodium 


illumination. 
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front of a gap in the curtains in a room from 


which daylight is excluded, and the two halves 
are separated by another.sheet of paper fixed 
perpendicular to them). In this case the, half 
‘sheet illuminated. with . daylight will: appear 
~ slightly bluish and thes other half a pos orange 

. yellow ?). 
- These examples show clearly that colour is not a 
. property of the objects themselves but a result 
of the combination of the source of light, the object 
viewed and the eye. ' 
If the spectral composition of the light is left 
unchanged, we can vary the amount of the in- 
cident light (intensity of: illumination) and herice 
also the quantity of the reflected light (brightness 
of the object) within wide limits, without observing 
a marked alteration in the nature of the coloür 
sensations produced by the objects viewed:: Grass 
"wil appear green both on a bright sunny day 
and in: dull weather. Only when the objects have 


:. very low brightness values (e.g. in a moonlight 


landscape) will the brightness have an appreciable 
effect on the nature of the colour. We shall return 
later to a discussion of this pom) in greater detail. 
Effect of the Characteristics of the Object l 

The-yellow flower’ which | grows among the grass 
receives exactly the same sunlight, but reflects 
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different proportions of the various wavelengths 


than thosexeflected by the grass. As a result the light 
- from the flower which impinges on the eye has a 
different spectral composition to the light coming 
from the grass. Owing to the specific characteristics 
of the eye we perceive this difference in composition 
as a difference in colour: the flower apoca yellow, 
and the grass appears green. 

- The part playéd by. the object in producing a 
colour “sensation consists therefore exclusively 
“ih the fact that it reflects a specific portion R(A) 


from light of a particular wavelength 4. IFE (A) is^ 


the spectral composition of the incident light, then: 


the spectral composition of the reflected: light is 
R (4) - E (4). 3 

_ If Ris the same for all wave lengths, the reflected 
- light will have the same spectral composition as 
the incident light ‘arid will also produce the same 
colour sensation (provided R is not too small). 
Viewed in ‘daylight such an object will appear 
white (or grey if R is small), and it is usual therefore 
to’ ‘speak i in this.case of a “white object”, although 
the same object viewed in ‘sodium ue will na- 
turally ‘appear to be yellow. 


2) The difference is mem here by simultaneous 
contrast, which is referred to in greater detail below. 


4 


If R is not the same value for all wave lengths, 


the reflected light will have a different composition 


- to the incident light. In daylight such an object 


will then. usually not appear to-be white, and in this 
case we generally ascribe a specific colour to the 
object, although: with another kind of incident 
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light it will-as a rule produce a different colour - 


sensation (in certain circumstances: even appearing 
to be white). 


B 


The “Normal” Mixing Characteristics of the Eye 


The “Visual organ” ?) 
a receiver, transformer and reproducer for colours 
and thus constitutes the most complex link in the 
chain ‘of generating a colour sensation. 

We shall first summarise briefly phe various 
problems entailed here. li 
1) How does the eye operate as a mixer for rays of 
different wavelength, i.e. what colour sensations 
do the various spectral mixtures produce which 
can impinge on the eye? l 
How do these characteristics changè with very 
small brightness values? , 


acts simultaneously as 


_affected by the simultaneous presence of ob- 
jects .of different colour in the field of vision? 
Are the characteristics of the eye affected by 
light sensations to which it is exposed just 
* previously to viewing a particular object? 
5) What individual variations occur in the ‘ ‘colour 
characteristics” of the eye? 
To obtain an insight into the first poblem, 
consider the four other influences as absent, i.e. 
an object with a brightness above a certain limit 


4) 


(about 3 candles per sq. m) is viewed with a 


non tired normal eye, no objects of another 


colour being.present in the field of vision. For these’ 
conditions let us. determine the various colour 


sensations corresponding to different spectral com- 
positions of the light incident on the eye *). 

Each .specific spectral distribution produces a 
definite colour sensation in the eye. Is the converse 
also true? Can we deduce the spectral composition 


How is the eye's ability to discriminate colours. 


of the light.from the nature of the colour sensation ` 


obtained? This question must be answered in the .. 


negative. A specific colour sensation. can be pro- 


‘duced by entirely different spectral compositions. 


3) “Visual organ" is defined as the combination of the eye 
proper, the optic nerve and that part of the brain which 
assists.in creating a colour impression. The term "eye" 


is usually also defined in this broad sense, for,of many . 


phenomena in vision we are unable to determine in which 
part of the organ they actually take place. 


4) Consideration is omitted here’ of whether the light which 
-, impinges on the eye is derived directly from the light 
source or is first reflected by an object. à 


+ 
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' The well-known phenomenon of. complementary 
colours should be recalled: A combination of two 
spectral .colours (e.g. blue 4800 À and yellow 


PERCEPTION 


5800 À) can produce exactly the same colour im- 


. pression as the continuous solar spectrum. 


‘In the same way aswe have here simulated the 


- colour of sunlight by mixing two colours of the 
Spectrum, it has been found possible, by suitably 
mixing three spectral colours (e.g. red 7000 A, 
green 5200 A and blue 4800 ae to obtain pracneally 
all compound colours?) ~- +? 

Aninteresting survey of these mixtures is afforded 
by a graph in which every colour sensation is in- 
dicated by a specific point on the plane of the paper. 


In fig. 1 the three primary colours of the spectrum : 


mentioned above are indicated by the points 1, 
` 2 and 3. To represent other colour sensations in the 


Fig. 1 — Mixing of colours from three’ primary colours: 
1) Red 1000 A; 2) green 5200A;3)blue 4800 Å. W represents 
white; A, B, C, D are orange, yellow, yellowish-green and 
bluish-green respectively; the line 1—53 embraces the shades 
of purple. G represents the spectral blue-green, which must 
be mixed with white (W) in p to give the blue- “green D. 
E is produced by miens W and 2. 


diagram the mixture of two colours be re- 


presented by the points in the line joining the two 


points for these colours. We thus get the line 1—23 


for all colour sensations which can be simulated by 
a suitable mixture of 1 and 2. The position of the 
. mixture on the line is determined by the ratio 


5) The type mixture referred to here must not in any way 


be confused with the mixing of dyes which follows entirely , 


different'laws. The two methods of mixing are fundamentally 


different: In the first case one type of light is mixed with . 


another, both being allowed to fall on the eye. simul- 
taneously ‘ or with the aid of a sector disk being thrown 
into the field of vision in rapid sucession, whilst in the 
second case each of the two dyes absorbs a specific pro- 
portion of the incident light. The results achieved” by 


these two forms of mixing are also quite different: If , 


yellow and blue are mixed by the sector method they will 
give, as complementary colours, white or grey on a correct 

- choice of the ratio. But if a blue dye is mixed with a 
yellow dye, the former will absorb red and yellow rays and 
the latter the blue rays of solar light, : so that E green 
colour is left. . 


OF COLOUR: 


in which we must mix the two components; the 


` greater the percentage of. colour J required the 


closer will be the point to 1, which represents this 
colour 9). To determine the position of a particular 
colour, e.g. white, we must first assume a mixture . 
of the requisite amounts of 1 and 2. This mixture 
is represented by the point B. White is now pro- 
duced by a suitable mixing of B and 3 (B is thus 


a complementary colour to 3). The point W is _- 


therefore on the line B—3, its position on this line 


being determined by the ratio of B and 3 in the ~- 


mixture. In this way every colour sensation which 
can be produced by a mixing of the three primary 
colours can be represented by a point within the 
triangle 1-2-3. What are now the relative positions 
of the various colours in this triangle? 

"The mixtures of 1 and 2 are: orange (4), yellow 
(B) and yellowish.green (C). Along the line 2-3 
the various shades of bluish-green (e.g. D) are 
situated, "while along the line 1-3. are.the different. 
shades of purple. From the method of representing 
the colour mixtures adopted here it follows. that 
two colours are complementary -when the point 
W lies on the line joining them. The pair of colours 
B-3 is an example of this. Furthermore we see that 
the colour sensation E can be simulated by mixing 
spectral green, (2) with white (W); this mixture 
produces à sensation of, an "unsaturated" (pale, 
bleached, dull) green. The closer this point E> is. . 
moved towards 2 the deeper will be the colour, 
finally reaching its maximum saturation at 2. 

If the :point F is moved along the line W D a 
progressive intensification in the bluish-green. colour 
is similarly observed, but contrary to the previous 
example the maximum. saturation .is not yet 
reached at D. For among the spectral colours 
there is still a deeper bluish-green, which must 
be mixed with a certain amount of white (bleached) 
in order.to give the point D. Thus in, our method : 
of representing mixed colours we must represent 
this spectral bluish-green by a point G on the. line 


"W-D produced: The point D must be E 


between w. and G. . 

. Similar considerations. apply to all penal 
colours, and these are all (with the exception of. 
1, 2 and 3) represented by points , outside. the 
triangle 1-2-3. n . 

In ‘fig. 2 the same triangle 1 -2-3 ies again been 
drawn but with the spectral , colours included. 
The numbers relate to the wave lengths. If we also 


- draw the line 1-V, connecting the two ends of the 


6) Quantitative scales can be always so chosen.that the 
method of representation never results in contradictions. 
The quantitative side of the Bop will be discussed 
in a later article. 
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spectrum with each other, we again find by our 


method. of: representing colour. mixtures that all 


colour sensations can be represented by points 
situated within the figure enclosed by the curve 
of spectral. colours and the line J V. (For all colour 
sensations are produced by mixing spectral colours 
and these mixtures are all situated within the figure 
referred to). 


A mud - PEREUE 
47150 . 


Fig. 2. The same graphical representation as in fig. 1; the curve 
represents the spectral colours and is enclosed in a -triangle 


ABC:in order to enable the colours to be expressed numierically. f 


H represents pu rd and N sodium light. 


1 H Ez 


The wave-length of, the -spectral colour G is 


termed the predominant wave-length of the ` 


colour sensation F. If F can be simulated by mixing 
a- luminous flux L, of white light with a beam L, 
. of the spectral. light G, the ratio Lj/(L;--L;).is 

termed,the colorometrie purity of the colour F. For 
white this ratio is thus equal to zero; it increases 
“progressively . ‘along -the line W-G and reaches its 
maximum value at the spectral curve (i:e. -1). 


The strongest saturated purples are situated along: 


the line J-V.. — > 
^ ‘To express the various colour sensations numeri- 


cally, an isosceles triangle ABC (fig. 2) is drawn ` 
which completely encloses the spectral curve, and - 


the position of the point which produces a specific 
colour sensation, is than expressed. by the ratio 
of the distances of the point from the three sides 
of ABC. In this way every colour sensation is 
expressed by the ratio. of three "numbers. 


Effect of Brightness on the Mixing Properties of. 


| the Eye 


As already indicated, the “standard”- 
characteristics of the eye discussed above are valid 
only above a certain brightness level (approx. 


mixing 


0.3 candles per HE Below this limit the rods: 
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come into action. in addition to the cones °). The ` 
resulting effect on'colour vision can be described 
in broad outline as follows: When vision is restricted 
to the rods exclusively (extremely low bright- 
nesses), no colour differences ace apparent and 


“everything: appears to be grey. If the brightness 


is in that range in which both cones and 


rods operate, we may expect to see a composite 


colour formed from the colour apparent on using 
the cones (e.g. F in fig. 2) and the grey colour 
seen with the rods. Applying this rule of mixtures 
and starting with a colour F and gradually reducing 
the brightness (retaining the same spectral distri- 
bution) we shall eventually arrive at a colour sen- 
sation corresponding to a point between Wand F. 
In other words: In the transmission range from 
“cone” vision to “rod” vision colours become 
steadily paler, finally all passing over into the 


. grey of “rod” vision at very low brightness levels. 


This phenomenon is in fact observed when dusk. 
falls. The rate at which the colours become paler 


. depends | on the choice of colour. The brightness 


ratio between individual colours also changes when 


dusk tall; 8). 


: Simultaneous Contrast 


Up to the present we lass made the assumption 
that the colour "under investigation is the only 
one in the field of vision. If a second colour appears 
alongside the first colour, the remarkable phenom- 


‘enon is observed that the first colour appears to 


" 


have undergone a change as compared with when it 
was present alone. The difference between the two 
colours becomes intensified by their appearance 
simultaneously (simultaneous contrast). With the ' 
aid of fig. 2 we can in fact state in advance in "which 


direction the chromatic displacement will approxi- . 


mately occur: The two points in the colour triangle 
sum to move further apart and will repel each 
other equally. This behaviour. explains the result 
obtained in the experiment ‘described above in . 
which white daylight (W) was compared with 


-yellow glowlamp light (H); as a result ‘of simul- 


taneous contrast the points move:further away 


- from each other; the daylight appears bluish and 


the artificial light has a_definite orange-yellow. 
The well-known phenomenon that when sodium 


‘light (Na) and glowlamp light (H) are present 


- be explained on these lines p 


simultaneously the latter appears bluish can also 


Tm 

7) Regarding the functions of the rods and cones, see Philips 
techn. Rev. 1, 105, 1936. 

8) On this point, see. Philips techn. Rev. 1, 142, 1936. 

9) 
of the sodium light. 


The effect is here very marked owing t to the high saturation Dot E 


s 


SEPTEMBER 1936 Ug 
The colour sensation is also affected. in quite 
another way by the surrounding conditions. The 


* reader will have noticed that in discussing the colour - 


triangleno mention was made of gre y and brown. 
As already pointed out the impression of ‘ “grey” 

is obtained when the object being viewed: emits 
the same type of light as a “white”, object, although 
having at the same time a low. coefficient of 
reflection. Grey is thus really the same as white, 
in the sense that a white object in, general’ has a 
brightness higher than that of its surroundings and 
a grey: object a lower brightness: As a result of 


simultaneous contrast.the surroundings make white l 
appear grey. If a white. paper and a grey paper 


are separately illuminated in dark ‘surroundings, 


the grey e.g. 
light, 


receiving about five times more 


"In the same way. as grey may be produced from 
-white by simultaneous contrast, brown may | be 


obtained. from yellow, orange or red. This.can also — 


be demonstrated by a similar experiment. To a 
lesser extent the same phenomenon occurs with 
. green, and at low coefficients of reflection the so- 
called olive green is produced. 

Finally, it should be pointed ‘out: that siniul- 
taneous contrast in the same way.as it intensifies 
colour differences also emphasises differences in 
: brightness: A small white spot in a large black 
field appears much brighter than, the same pue 
ina ‘large white field. 


`~ 


Successive Contrast 


By successive contrast “we sidisetand the effect 
of a prior illumination of the eye on the subsequent 


differentiation of colour.” These phenoména are. 
of a similar type to simultaneous contrast: When the, - 


eye has bécome accustomed for some time to a 


sodium light a white light wall again appear to be 
bluish. 


If the intensity of prior illumination were very 


powerful (we have for instance lóoked directly 
at a lamp for a time), this phenomenon will result 
in the appearance of an after-image; For a brief 
"period an image of the object. previously viewed 
will persist, sometimes dark and sometimes bright 
against the background and frequently with quite 


different colours than possessed by the original . 


object. Such after-images are very disturbing: to 
vision and play an important part in glare problems. 


- Theory of Colour Vision : 


Only brief reférence will be made to this mmt 


as it is Boag the prescribed scope of this Review. 


$ 
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it is quite readily possible | to make the- 
two sheets appear to have exactly the same colour. 
t . 
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Moreover, as yet very little definite information 


has. been: pathered of The mechanism of colour ` 


vision. 

The study of the phenomena of dione vision has 
led to the ‘enunciation of two different sets of 
theories, which subsequently have become MOSS 
in a variety of directions. 


The first, due originally to Sans and 


Helmholtz, assumes that three sensations can 


H 


take place in the eye; the first sensation is excited : 


to the greatest extent by red light, the second 
by green light and the third by blue light. On 
the basis of this, assumption- the mixing laws 


‘established experimentally are readily explained: | 


each colour provides a stimulus for the three 


fundamental sensations in a specific ratio, and it 


can thus be actually expressed by the ratio of 
these - magnitudes. With this theory. we can 
moreover. readily account for the occurrence of 


_ different types of colour blindness on the simple 


assumption that in these one or other of the three 
fundamental sensations is absent. 
The other theories, due -initially to Perin g 


assume three sensations each of which can take . 


place in two directions: A blue- -yellow : sénsation, 
a- red-green sensation and a black-white sensation; 


blue light displaces the first sensation. in the one 


direction and yellow light displaces it in the opposite 


direction, ete. A theory on.these lines gives us a 
better insight into the sensations experienced with. 
- simultaneous and successive contrast, after-images 
and fatigue phenomena, etc., but does not give 


such ‘a natural and simple explanation of the 
representation of colours.in a colour triangle as is 
offered by the Helmholtz theory?” 


. Tt has hitherto not been possible -to-demonstrate . 


anatomically . ‘that three kinds of nervous elements 


exist in the retina or that-three kinds of chemical 


phenomena take place there. - 

.In conclusion a few words may be added regarding 
binocular colour mixing. If the two eyes are 
exposed to light of different colours, a mixed colour 
is obtained with most- persons, the’ same mixing 


rules applying in general to this sénsation as to 


‘ordinary mixing. With other pergons such à mixture 


cannot be obtained andas a rule these ‘will see . 


only one óf.the two original colours. From the 
existence of binocular mixing it may be concluded 
that the- mixing processes — at least the combi- 


nation of the primary colours .to give a simple 


colour sensation — do not take place on the retina 
or the optic nerve,'but at'some deeper point, pos- 
sibly.not before the brain is reached. 
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| A. E. van Arkel, E. J. W. Verwey 
and M. G. van Bruggen: Ferrites I 
(Rec. Trav. chim. Pays - Bas, 555 
331- 339, May, 1936). 


"No. 1093: 


Radiographs were made of mixtures of oxides 
of bivalent metals (MO) with ferric oxide (Fe,0,) 
in different proportions, which had been strongly 


heated from 1200 °C up to 1300 °C. for several © 


hours. The radiographs indicated that mixtures 


containing a high percentage of Fe,O4 have com-' 


` parable structures. At high temperatures (up to 
1300°C.) the ferrite phase (with spinel structure) 
stretches far towards the Fe,0, side. At lower 
temperatures (800° to 1000°C) this area is con- 
siderably contracted. From a_ crystallographic 
standpoint, solid solutions in which the iron content 
is greater than corresponding to the ratio MO: 
FeO, = 1:1 may be regarded as "differential 
phases" as defined by Hägg. Compounds with a 
composition 2 MO. 3 Fe,O, as assumed by Hil- 
pert do not exist. 


UE. J. W. Verwey, A. E. van Arkel 
and M. G. van Bruggen: Ferrites 

` II (Rec. ‘Trav. chim.. Pays-Bas, 55, 
340-347, May, 1936). 


No. 1094: 


At high temperatures (up to 1400 °C) the pro- 
portions in which ferrites are miscible with metallic 
oxides are investigated. Hausmannite (Mn;O,) 
dissolves considerable quantities of Fe,0, (at 
. 1300 ° up to Mn4O, : Fe,O; = 1 : 6), whereby its 
tetragonal lattice gradually passes over into the 
cubic lattice of ferrite. Solid solutions of MgO 
with Mg Fe,0, and of Ni O with Ni Fe,0,, which 
are formed at high temperatures, segregate slowly 
at about 1000 °C. The élementary cell for ferrite 
is almost exactly double as great as that for the 
oxides. Segregation can therefore be investigated 


B by. X-ray methods only on the basis of calculated 
and observed intensities of the diffraction lines.’ 


Magnetic measurements reveal the segregation far 
more accurately. than X-ray measurements, and 


the Jatter much better than observations with the | 


i microscopé. 


With a ratio uf Cu O: Fej0; = 8 la new com-. 


pound i is formed i in poppar ferrite. 


E 


No. 1095: J. H. dé Boer and J. D. Fast: 
The a-B transition in zirconium in the 


[1 


. No. 1097: 


presence of hydrogen (Rec. Trac. chim. 
Pays-Bas, 55, 350-356, May, 1936). 


Both a and f zirconium absorb hydrogen. The 
solubility decreases in both modifications with 
rising temperature. Hydrogen is absorbed when a 
zirconium is converted into f zirconium at rising 
temperature and in a hydrogen atmosphere. On 
cooling f.zirconium passes over into the a modi- 
fication and at the same time liberates hydrogen. 
The transition of a zirconium into the f modifi- 
cation appears to be responsible for the véry rapid 
absorption of hydrogen observed by Clausing 
and Ludwig when a zirconium wire is allowed 
to cool. 


A.-G. Boer, E. H. Reerink, A. 
v. Wijk and J. v. Niekerk: A na- 
turally occurring chicken provitamin-D 
(Proc. Roy. Soc. Amst., 39, 622-632 
May, 1936). di 


No. 1096: 


This paper describes the preparation and pro- 
perties of provitamin-D which is a constituent of 


. cholesterol. The probable -structural formula de- 


duced from various data is confirmed by different 
reactions and proved by comparison with pure 
synthetic 7-dehydrocholesterol with which the new 
provitamin D is identical. By irradiation a vitamin 
D is obtained whose anti-rachitic action on chickens 
is comparable with vitamin D from cod-liver oil. 


W. Uyterhoeven and C. Norbuem 
Température des électrons (T,) dans 
‘une décharge en colonne positive dans 
un melange Ne-Na (C.R. Acad. Sci., 
NN Paris, 202, 1498- T0, May, 1936). 


In a previous paper (see Abstract No. 1047) 


the authors have indicated that the addition of a 


little sodium vapour to neon causes the voltage 


drop in the positive column to increase conside-^ 
- rably. In the present paper probe measurements 


in a column of Ne-Na are described. The tem- 
perature of the electrons (T,) and the concen- 
tration of the ions (n,) are determined as a function 


of the temperature of the wall of the tube, i.e. as 


a function of the Na concentration. The electron 


temperature attainsa maximum ofapprox.23000?K. 


with one atom of sodium to 10000 atoms of 
neon; in the case of pure neon and other conditions 
being equal the temperature is 19500 °K. 
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THE «PHOTOFLUX". - 
A LIGHT-SOURCE FOR FLASHLIGHT PHOTOGRAPHY 


by J. A. M. VAN LIEMPT and J. A. DE VRIEND. 


Summary. The “Photoflux” is a light-source suitable for flashlight photography. It consists ` 
of a bulb containing oxygen in which a long wire of a combustible alloy is ignited electrically. 
This article deals with the method employed for measuring the quantity of d emitted 

* and the luminous intensity as-a function of the time. : 


Introduction 


The art of photography is now one: hundred 
"years old and is almost as old as axe attempts to 
devise means of artificial illumination enabling 
photographs to be taken when natural sunlight 
is either lacking or too weak. At the present time 
two types of artificial light sources are employed 
` in photography: 

1) Light-sources for studio lighting by means of 
which a large number of photographs can be 
taken in rapid succession. 

2) Light-sources which can be used once only 
and which furnish a very powerful light for 

a brief period of.time, this characteristic being 
implied in their ordinary name of “flashlights”. 


'À light-source of the latter type is exceptionally 


suitable for taking snapshots and must satisfy, 
. inter alia, the following requirements: 


a) It must generate an intense light which must 


however not be embarrassing to the subject 
being photographed. 


b) It must operate without even the least complex 
, or heavy current source. 


€) It must not introduce any fire hazard or other 
undesirable condition, such as'smoke or odour. 


d) It must always be ready for use, also during 
rainy and stormy weather. 


e) It must be compact in design and light in weight. 


“ 


It is comprehensible therefore "why flashlight 
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powder, which only satisfies requirements b) and e) ` 


bulbs in which the ‘whole process: of the rapid 
light-generation by combustion takes place in a 
totally-enclosed glass bulb. This class of light 
generator includes the “Photoflux” in which the 
duration of the flashlight is only about 1/40 of a 


second, thus being considerably below the.reflex , 


time of the eye of approx. 1/10 sec. The use of 


eyes in flashlight photographs, which has been a 
common fault of these photographé ‘in the past. 


xacdonon 


The “Photoflux” (fig. 1) consists of; a glass bulb 
55 or 70 mm in diameter filled with oxygen and 
enclosing a wire of an aluminium alloy containing 


` approx. 8.per cent magnesium. This wire is only 


. and not by any means requirements c) and d), has . 
been rapidly replaced during recent years by flash — 


this source thus eliminates that screwing-up 'of the ` 


0.035 mm thick and is in the form of a crumpled : 


mass, so that it is distributed ` as. unifocmily as 


possible over the whole interior of the bulb. The - 


- volume occupied by the whole wire is not greater 
than that of a hailstone. After careful ‘evacuation’ 


the bulb is filled with pure dry oxygen at a low 


pressure. In the middle of the bulb and thus com- . 


pletely surrounded by the crumpled wire is a small 


"incandescent filament carrying a weak charge of 


priming paste. If the filament is brought to incan- 
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descence, e.g. by connecting the lamp to a 
flashlamp battery, the priming is ignited. Ignition 


is transmitted to the wire which burns very rapidly 


ey ; 
17344 
Fig. 1. The “Photoflux” flashbulb. 


in the oxygen atmosphere. Since the length and 
thickness of the wire are the same in all lamps and 
the quantity of light evolved is proportional to the 
weight of the wire, there is every guarantee that 
all lamps of the same type will give the same in- 
tensity of light. 

Should inleakage develop in the lamp after 
leaving the works, for instance through a crack 
in the bulb, the latter will fill with air through the 
crack owing to the low pressure of the contained 
oxygen. A lamp of this type with a thin-walled 
bulb and a much higher gas pressure than the 
initial oxygen filling would prove dangerous on 
ignition, since the bulb cannot withstand the sudden 
increase in pressure generated on combustion. To 
avoid this hazard a deep-blue spot of a cobalt 
salt is provided in the bulb which turns a light 
rose colour by absorption of moisture when air 
leaks into the lamp. The salt used is so sensitive that 
the humidity of the air even on the driest and 
coldest days is sufficient to produce a change in 
colour. Lamps with a bright rose instead of a 
blue indicator spot are therefore defective and 
must not be used owing to the liability of shattering 
the bulb. 

Since the combustion responsible for the gener- 
ation of light takes place in a sealed bulb, the 
“Photoflux” operates with complete reliability in 
all weathers. The 
pletely eliminated and the 


fire hazard has been com- 
combustion-products 
formed remain in the bulb. 

The “Photoflux” is preferably used with a re- 
flector so that the greater part of the spherically- 


Vol. 1, No. 10 


radiated light is utilised to good purpose and the 
light is intensified four to five times in the required 
direction. The simple Photoflux millboard re- 
flector makes a very good reflector, where a more 
efficient and hence more expensive unit is not 
essential. The “Photoflux” is fitted with either a 
miniature cap, similar to that on flashlamp bulbs, 
or with standard screw and bayonet caps as on 
ordinary incandescent lamps. The ,,Photoflux”’ with 
incandescent lamp cap can be used with either a 
4-volt battery or a lighting mains supply. For the 
latter case a rapid-acting fusible element is incor- 
porated in the lamp to protect the house fuses. 
The actinic energy of the light from the ,,Photo- 
flux” is given in the following table, which applies 
to the smallest Type I now on sale. 


Illumination Table for ,,Photoflux” Type I when using a 
lamp with reflector 


Distance (in metres) from the light source to the object 
being photographed for different apertures. 


Negative Aperture 
Material | 3.5 | 4.5 | 6.3 | 11 |12.5| 18 | 21 | 32 
Normal | | | | | | 
orthochromatic | 8 | 6.5 | 4.5 | 2.6 | 2.3 | 1.6 | — | — 
Rapid | EN S S 
orthochromatic |12| 9| 7 | 3.7| 3.2) 2.2| 1.9} — 
Normal | | | | 
panchromatic | 14 11| 8 4.5 | 4 | 2.8 | 2.4 | 1.6 
Rapid | | | | 
panchromatic | 20 | 16 | 11 [65| 6 | 4 | 3.4] 2.2 


Quantity of Light and Light Yield 


The photographic value of a flashlight is ex- 
pressed essentially by the quantity of light (luminous 
flux multiplied by the time). It may be measured 
with a photo-electric cell in conjunction with 
a spherical integrating photometer and an elec- 
trostatic voltmeter. In our measurements we used 
a type 3510 photo-electric cell (a vacuum cell 
with potassium cathode) whose characteristic is 
given in fig. 2. This figure shows that the photo- 


uA fim 


0 50 100 150 200 250V 
17413 


Fig. 2. Characteristic of the Philips type 3510 photo-electric 
cell. 
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. electric current in the cell is practically independent. 


. of the anode voltage as long as the latter does not 
drop below 50 .volts, a feature which is very con- 
venient for the present measurements. The colour 
sensitivity of the cell is roughly the same .as that 
of an orthochromatic plate, the red limit being 
approximately at 7500 À. 

. To measure the light output the following. ar- 
rangement was used (fig. 3). The *Photoflux" 2 was 
suspended inan Ulbricht sphere, and the photo- 


`y 


electric cell 6 connected to the electrostatic volt- 


meter 7."The-condenser which is incorporated in 
the design of this voltmeter is initially charged to 
300 volts by a Wimshurst machine. As soon 
as light falls on the cell, the condenser is discharged 
by the photo-electric current and since the current 


is independent of the anode voltage (above 50 volts), - 
the quantity of light generated is proportional - 


to the voltage difference measured on the elec- 
trostatic voltmeter, before and after discharge, 
provided the lowest voltage is not under 50 volts. 
The capacity of the condenser referred to is matched 
to the quantity of light expected by connecting 
one or more other condensers in parallel. 


(Wale 


Fig. 3. Arrangement for photometric examination of the 
flashbulbs. 1 Ulbricht sphere; 2 “Photoflux”; 5 screen; 
4 opal glass plate Protected by the screen 3 against direct 
radiation from the “Photoflux”’; 5 diaphragm; 6 photo-electric 
cell; 7 electrostatic voltmeter. 

` After the o has been calibrated with 
an incandescent lamp whose luminous flux has it- 
self been calibrated and which is switched on for 
a definite period, the light output of the flash-bulb 
can be calculated in lumens per sec. Thus for the 
“Photoflux type” Ia value of 25 000 lumen secs 
was obtained and for type II 50 000 lumen secs. 
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type I contains 27 mg of alloy v wire, the light 
output is: 


25000 
"v 27388 


= 32 lumens Ber. E 


This coffesponds to ‘the light duod db a: “black, 


body: ata temperature of 3100. WE “a 


Luminous Intensity as‘a | Function. of the Tinie 


-In addition to the total. light-output of the flash- 
bulb the variation of the light output as a function 
of the. time- is also. of interest. ‘The measuring 
apparatus used ‘consists - essentially.” of a photo- 
electric cell ‘and a cathode ray tube. The photo- 
electric current generated -by. the light from the 


-“Photoflux”. produces a voltage drop at a nòn- 
inductive resistance of $0 000: ohms. The terminals : 


of this resistance are connected to the deflecting 
plates which deflect the cathode ray perpendicularly 
to its direction; the second pair of deflecting plates 
is not employed and is earthed. 

In fig. 4 the arrangement of the apparatus used 
is shown diagrammatically. At the top is the high- 


vacuum cathode ray tube.(1), and on the right the 


Since the duration of the flash is about 1/40. 


_ of a second, the light output of 25 000 lumen secs 
or 1 000 000 lumens in 1/40 of a sec corresponds 
to the light emitted in the same time by 10001amps 
of 100 Dekalumen. E 

The heat of combustion of the alloy wire was 
measured in a calorimetric bomb and was found 
` to be 28.9 watts-secs per mg. Since the “Photoflux” 


„147415 
Fig. 4. Apparatus for measuring the light intensity as a 


function of the time. 
photo-electric cell. 


mains connection for furnishing the heating cur- 
rent for indirectly heating the cathode and, through 


a series of potentiometer tappings, the D.C. volt- 


ages for the grid and the two anodes. At the bottom 
left is the photo-electric cell (2) whose anode 
voltage is furnished by a 360-volt battery. The cell 
with battery is bridged by a 50 000-ohm resistance 
and connected in parallel.with two series-connected 


resistance leaks of 10 megohms, whose junction 


is. connected to the deflection plates and the 
earthed anode of the cathode ray tube. In the 
arrangement shown a vacuum cell with caesium 


-cathode, type 3512, was used, since no amplifier 


* 


1 cathode ray tube; 2 Type "ums 


E 


. 292 i l PHILIPS TECHNICAL REVIEW 


eM 


is employed here and a high sensitivity is therefore 
essential The photo-electrie cell is enclosed in a ' 


metal housing mounted on the Ulbricht sphere. 
Between the' sphere and cell an adjustable 
diaphragm is fixed. When the flashlight is 
burnt in the spherical photometer, a beam of 
light falls on the photo-electric cell which is reduced 
to a suitable intensity by the diaphragm. The 


' voltage drop at the 50 000-ohm coupling resistance 


is then used to control the cathode ray. 

The vertical deflection of the cathode ray pro- 
duced in this way is registered by means of an 
oscillograph camera with extra high-power optical 
system. The photographic plate is displaced 
horizontally in the camera by means of a released 
spring. On unlatching the locking pawl, which 
releases the stretched spring in the camera, a 
switch is released at the same time which switches 
on the “Photoflux”, so that the cathode ray ds 
deflected the moment the camera plate starts 
moving. A small neon lamp fed from a 50-cycle 
A.C, mains supply is also photographed to provide 
a time base, a black mark being produced on the 
plate at intervals of 0.01 sec. The: oscillogram 


17416 


Fig. 5. Light-intensity-time curve of the “Photofux”. T is 
the speed of the flash. i ae 


obtained can, if necessary, be enlarged four to five 
times. with an enlarger and can be converted to 


absolute units since the total quantity of light. 


in lumens per. second is known. The variation in 
light intensity of the type I bulb as a fonlon 
of time is shown in fig. 5. : 


Lag on Ignition 
In addition to the light intensity-time curve 


r 
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-the socalled lag on ignition is also an important 


characteristic, i.e. the time elapsing between the 
moment the lamp is switched on and the instant 
the "Photoflux"' commences to radiate light. 

To measure this lag the arrangement just described 
lias been "BUY nix A’ Philips E 499 radio . 


Fig. 6. Diagram of arrangement for measuring the lag in 
ignition of the “Photoflux”. 


valve is connected in parallel with the photo- 
electric cell (fig. 6), the valve being fed from e.g. 
a 240-volt battery. On operating the camera 
switch O a relay K is energised which connects 
the .“Photoflux” to a 4-volt accumulator through 
two contacts (which are here connected in parallel 


_in order to ensure good circuit-closing contact). 


A 2-ohm resistance is -connected in series with 


~ the aecumulator to adapt the arrangement to the 


working conditions obtaining, when using a pocket- 
lamp battery. 

On switching on the “Photoflux” the accumulator 
is inserted, at the same time and through the same 
contact, between the cathode and the grid of the 
E 499 valve, so that the grid bias of the valve is 
increased by 4 volts as compared with that pre- 
viously adjusted at the potentiometer through the 
filament voltage of the E 499 valve, whereby the 
anode current of the valve is suppressed. This anode 
current previously flowed through the 50 000-ohm 
coupling resistance and caused a deflection in the 
cathode ray tube which disappeared on switching E 


l on the “Photoflux”. When light commences to be 


radiated from the “Photoflux” the cathode ray 
is again deflected. The time elapsing between these 
two deflections is the required lag on ignition. 
In addition to the lag the oscillogram also includes 
the whole of the light intensity-time curve. ` 

` An oscillogram of this type is reproduced in fig. 7. 
which includes not only the light-time diagram, . 
as shown in fig. 5, but also the actual lag on ig- 
nition. The lag in the “Photoflux” is abóut 0.035 sec; 
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it varies very little from bulb to bulb and is 
also not appreciably affected by the resistance in 
the circuit, i.e. ignition is obtained just as rapidly 
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Fig. 7. Oscillogram of the lag in ignition of the “Photoflux” 
and the variation of light intensity with time. 


with a new as with a partially-exhausted pocket- 
lamp battery. 

The absolute value of the lag is of less moment 
than the fact that it is practically constant, an 
important characteristic when using the “Photoflux” 
in conjunction with synchronised shutter releases. 
The latter are small units mounted on the camera 
for synchronising the shutter with the flash-bulb. 
The simplest arrangement of this type consists 
of an electric switch which is operated at the same 
time as the shutter cable release. With a single 
manual operation the shutter is first opened and 
a very short time later the flash-bulb is switched 
on (for the sake of convenience the bulb is mounted 
in a holder on the camera), 0.035 sec later light 
is emitted and lasts for only about 0.05 sec, when 
the shutter is automatically reclosed. To ensure 
satisfactory exposure the shutter in this arran- 
gement must remain open for about 1/10 of a 
second. 

In a more refined arrangement the flash-bulb 
can, for instance, be switched on first and immedi- 
ately after the shutter released, so that its opening 
coincides with the emission of light. To obtain 
well-defined exposures and to avoid any inter- 
ference from artificial light sources and windows 
in the field of view, the shutter speed can be 
reduced to 1/100 to 1/500 of a second without 
disadvantage. The only precaution necessary here 
is that the shutter is open during the short time 
the maximum quantity of light is emitted from 
the flash-bulb. It is evident that in both cases, and 
particularly in the latter, the lag on ignition of 
the flash-bulb must be very constant if light emis- 
sion is to be obtained exactly at the moment 
required, 
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Practical Speed of the Flash 


It will be apparent that the time during which 
the light is strong enough to act on the photo- 
graphic plate is smaller than the base of the light- 
time curve diagrams in figs. 5 and 7. The spurs 
at the two ends of the light-time curve are of 
negligible importance since the sensitivity of the 
plate drops considerably below a certain intensity 
threshold. 

To determine the actual speed of the flash 
we can compare exposures of a moving object 
obtained with the flash-bulb with similar exposures 
made with a uniform illumination and using an 
ideal, previously calibrated, instantaneous shutter, 
and estimating at which exposure time photographs 
of equal definition are obtained. 

This has been done by photographing with the 
"Photoflux" a rotating black disc on which several 
hexagonal white and grey stars with black letters 
are arranged at different distances from the centre. 
The requisite distance of the *Photoflux" from 
the disk was determined from an illumination 
formula 1), so that the correct blackening of the 
The 


were compared with those of the disk rotating 


negative was realised. exposures obtained 
at the same velocity when illuminated by a light- 
source giving a uniform luminous flux and with 
previously calibrated shutter speeds of 1/10, 1/25, 
1/35, 1/50 and 1/100 of a second ?). In this way 
the practical speed of the flash was found to be 
1/35 to 1/50 of a sec, which is in agreement with 
fig. 5, if it is assumed that the spurs on both sides 
of the light-time curve produce no latent blackening 
of the plate up to light intensities of 20 to 30 per 
cent of the maximum value. For these comparative 
exposures a shutter should be used in which the 
inertia of the blades is very small. With shorter 
exposure times (below 1/25 sec) a diaphragm can be 
used with advantage, in order that the illuminated 
diagram of the shutter is a rectangle. 


Colour of the Light 


The spectrum of the light emitted by the “Photo- 
flux" was recorded with a Hilger spectrograph 
Type E3 with quartz prism on Ilford Special 
Rapid panchromatic plates. The negative was 
printed through a grey wedge using the method of 
Visser?) so that the length of the spectral lines 


1) J. A. M. van Liempt, Rec. Trav. chim. Pays-Bas, 53, 
471, 1934. 

2) For information on the calibration of instaneous shutters 
using the cathode ray tube see:, J. A. M. van Liempt 
and J. A. de Vriend, Z. Phys., 95, 198, 1935. 

3) S. H. R. Visser, Physica, 1, 497, 1934. 
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on the print increases with their intensity. The 
result obtained is indicated in fig. 8. The spectrum 
is seen to be continuous and reaches from about 
3500 A into the infra-red. A more intense band and 
a stronger line occur at 5200 A (Mg) and 5900 A 
(Na). 

Furthermore, the chromatic reproduction on 
different plates was measured with the Agfa 
graded colour table ^). We found the following 
values: 


| | is, 
Red |Yellow| Green | Blue 


Plate 5) 
Blue-sensitive plate 30 15 30 160 
Isochromatic plate 30 30 30 160 
Orthochromatic plate 30 20 30 180 
Panchromatic plate I 180 80 30 100 
Panchromatic plate II 70 60 50 120 
Panchromatic plate III 90 50 40 120 


For comparison, the results are given below of 


measurements on the same plates using daylight 
with a clear sky and facing the north. As may 
be seen the reproduction of colours with **Photo- 
flux” illumination is better than with daylight. 
The colour-scale temperature of the light from 
the *Photoflux" was determined by comparing 


4) H. Arens and J. Eggert, Z. wiss. Phot., 29, 239, 1930. 


Bo 
5) The panchromatic plates I, II and III were obtained from 
three of the principal makers. 
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Fig. 8. Spectrum of the “Photoflux”. 
the photographic reproduction of colour with 


other light sources of known colour-scale tem- 
perature. The colour diagram of von Lagorio*) 


Plate 5) Red |Yellow| Green| Blue 


Blue-sensitive plate 30 10 25 180 


Isochromatic plate 30 20 30 180 
Orthochromatic plate 30 15 30 180 
Panchromatic plate I 90 40 30 180 
Panchromatic plate II 60 40 40 140 
Panchromatic plate III 60 30 30 160 


was obtained for these light sources and for the 


*Photoflux" on different panchromatic plates. 
It was found that the colour-scale temperature of 
the ^Photoflux" is slightly higher than that ef the 


carbon filament lamp, viz., about 4000 deg. abs. ?). 


6) A. von Lagorio, Phot. Ind., 23, 629, 1930. 


7) J. A. M. van Liempt and J. A. de Vriend, Z. 
Phot., 34, 237, 1935. 
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RECTIFIERS FOR TELEPHONE EXCHANGES 


m 


i Summary. For telephone installations a D.C. supply is required with very constant voltage 
: and low internal resistance.-A‘ rectifier is described which satisfactorily meets these 
* requirements, being designed for feeding small telephone installations shou the aid 


of a battery. 
Charging of Telephone Batteries 


Batteries are employed in telephone exchanges 


all over 'the world for furnishing the current 


requirements of microphones and relays. Initially 
it was usual to equip these exchanges‘with a double 


set of batteries, each set being employed alternately ` 


so that the idle batteries could be recharged while 


the other set was in service. During recent years, 


charging arrangements have been constructed by 


means of which the batteries can be charged during 


service, thus making spare battery sets superfluous. 
For this socalled “buffer operation" .in telephone 
exchanges the rectifier is a very suitable supply 
unit since it has no moving parts, requires no at- 
tendance, operatés quite noiselessly and also-has a 
satisfactory efficiency. Moreover, the rectifier can 
be set up close to the battery, thus considerably 
shortening. the connecting cables. ` 
The batteries can be charged by either of two 
metliods: ` " 
a) By means of a rectifier which is set in operation 
: automatically as soon as the charge has dropped 
below a specific minimum, and, which again 
disconnects itself when the battery has been 
fully charged; 
b) By means of a socalled “buffer rectifier” which 
is in continuous operation. 
| With the buffer rectifier the charging current is 


80 adjusted that the rectifier just makes up the 


average discharge current. The battery can then 
be made much cheaper as its capacity has to be 
merely sufficient to maintain the service on a 
temporary failure of the mains supply or when 
during peak traffic periods a greater amount of 
current is consumed than can be supplied from the 
rectifier. a ‘ 


A “Rectifier : as a Battery Substitute 


By using the buffer rectifier, the battery can in 
fact be dispensed with altogether and the rectified 
alternating current smoothed by a filter. 
problem whether this method offers advantages 
in certain cases has long been the subject of 
investigation. 

A feature in favour of batteries is that a disa 


ance in the mains supply does not interfere with 


The ` 


the telephone service itself. But a battery is not 


always necessary. In most private telephone in- ^. ' 


stallations a breakdown in the supply is not to be 
anticipated, since a failure in the power supply 
occurs only rarely and is then only of short duration. 
Moreover, a large telephone installation, such as is 
commonly used in large buildings ánd warehouses, 
can be connected to two different sections of the 
mains supply where a failure cannot take place 
in both together. i 

When using a rectifier for a direct supply of a 
telephone network the direct voltage must as far 
as possible be independent of the load; a filter must 


-also be provided as otherwise the ripple of the 


current furnished by the rectifier will produce. an- 
audible hum: in the telephone’ circuits. 

A valve rectifier. is described ‘below which 
operates without a battery and which is suitable 
for feeding smal] telephone exchanges, e.g. house 
telephone installations in waréliouses and factories.” : 

Fig. 1 gives the general circuit diagram. The 
principal components of the'rectifier are the rec- 
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Fig. 1. Diagrammatic circuit of the telephone rectifier. The 
principal components are the rectifying valves and the filter 
composed of C}, Cy, L; and Ly. When one valve is running, 


the other valve cannot start as its starting voltage is higher 
than the running: voltage of the othér valve. The idle valve 
however starts to operate automatically as soon as the other 
valve ceases to function. 


tifying valves T B, and the filter which is made 
up of the choke coils L}, L; and the condensers 
C, C} Of the various types of rectifying valve 
available the gasfilled valve offers the advantage 
of having a voltage loss independent of the load, 
so that a compensating arrangement can be dis- 
pensed with. Gasfilled' rectifying valves with oxide 
cathodes are particularly suitable for the present 
purpose. 


Pu 
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This valve has moreover a very long life. F ig. 2 


' shows the efficiency of the two-phase 10-amp rec- 


Fig. 2. Efficiency of the gas filled rectifying valves Type 1788 
for voltages of 50 and 100 volts plotted as.a function of the 
current intensity. 


tifying valve type 1788 plotted as a function of the 
current for direct voltage outputs of 100 volts 
(maximum) and 50 volts. ` 
cies at 5 and 10 amps current are 76 and 79 per cent 
respectively. At 100 volts the efficiencies are 86 
and 89 per cent respectively. 


The filter 


A duoplass rectified alternating voltage of 


` 50 volts, 50 cycles, has inter alia an A.C. component 
- of 100 cycles and approx. 25 volts eff., which must 
_ be suppressed sufficiently so that no humming is 


audible in the telephones *).- 

. The filter consists in its simplest form of a choke 
coil through which the charging current passes 
and a condenser in parallel with the output ter- 
minals of the rectifier. Asnecessary a series of these 


,. Stages are connected in series (see e.g. fig. 1). The 


filter circuit employed for a rectifier used for 
directly feeding a telephone network must have 


-an extremely small D.C. resistance in order to 


keep the output voltage constant and independent 


` of the load. - 


The degree of smoothing is determined to a 
first approximation by the product of self-induction 
L of the choke coil and the capacity C of the con- 
denser. Within certain limits L can be made small 
and C very large or vice versa °). To avoid cross- 
talking the A.C. resistance of the source of supply 


1) At 100' cycles this limit is located at approx. 0.2 volt. 
C£. for further information J. G. W. Mulder and D. M. 


Duinker, Over het afvlaksysteem bij het laden van. 


telefoonbatterijen. gedurende het bedrijf. De Ingenieur 46, 
E 27, 1931. >- 


.2) Cf. D. M. Duinker, Discussion on “Some considerations 


.in the design of hot cathode mercury-vapour rectifier 
circuits", J. Inst. el. Eng., 76, 421, 1935. e 


At 50 volts the efficien- . 


must be low. The self-induction values are 


therefore made as low as possible and the capacity 


C, very large. Electrolytic condensers are partic- 
ularly suitable for this purpose as they enable 
high capacities to be coupled with compact di- 
mensions and with a low weight. 

The voltage furnished by the rectifier is prac- 
tically constant over a wide current range, but 
increases with a very low load up to the peak value 
of the rectified alternating voltage, while the normal 
running voltage Ej is much ‘smaller. To avoid 
the voltage fluctuations which may result therefrom 
a resistance r is connected in parallel with the 


; condenser C,, this resistance shown in fig. 2 permits 
a minimum load to be applied. The value ofris so 
, chosen that the voltage of the rectifiér on no load 


has dropped to Ey. 

In many telephone installations the feed circuits 
for the microphones and relays can be kept separate. 
Since the direct current for the relays does not have 
to be smoothed to thé same degree as the micro- 
phone’ current, while” the ‘direct voltagé in the mi- 
crophone ‘circuit need not be kept as rigidly con- 
stant as in the relay. circuits, the filter at the 
rectifier can with advantage be split up. Fig. 3 


gives the general circuit details for an arrangement. 
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Fig. 3. Circuit diagram of a 4 telephone rectifier with separate 


terminals for the microphones (M) and the relays (R). The - 


voltage at terminals R is more constant but less well smoothed 
than that at terminals M. : 


of this type. The relays are connected to the ter- 
‘minals R and the microphones to the terminals M. 


The last portion of the filter composed of L; 
and C, here also acts as an interference-suppression 
filter eliminating the crackling noises emanating 
from the relays, in addition to smoothing the direct 
current. In a rectifier designed on the lines of the 
circuit in fig. 1 these disturbances are suppressed 
by the condenser C; which for this purpose must 


PE have a much greater capacity. 


Reliability in Operation 


As may be seen from thé circuits in figs. 1 and 3 


. two rectifying valves connected in parallel are em- 


ployed. The starting voltage of gas-filled ‘valves 
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differs slightly from valve to valve, but is always 
greater than the are voltage so that of two valves 
in parallel the one with the lower starting voltage 
will come into operation first and at the same time 
prevent the starting of the other valve. In this 
way one valve acts as a reserve and takes over 
automatically immediately the other valve fails. The 
of the 
only about 950 °C., and is thus so low that vaporis- 


temperature filament in these valves is 
ation is of no account so that the spare valve 
remains in excellent condition. The current con- 
sumption of the hot cathode in the 10-amp valve 
in only 20 watts, so that also in this direction 
there is no objection against a second filament 
being continuously in circuit. A double pole anode 
switch is incorporated in the rectifier for each 
valve, such that immediately the working valve 
is switched of the other valve is switched on. In 
this way it is possible to test each valve without 


Fig. 4. View of a telephone rectifier for 50 volts and 7 amps 
D.C. The unit is wired as shown in the diagram in fig. 3. 
It is suitable for connection to a single-phase A.C. mains 
supply and can be adjusted for various supply voltages 
between 190 and 260 volts (50 cycles). 
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breaking the continuity of supply. A defective 
valve can be replaced without any interruption 
in service. 


Electrical Construction 


The apparatus shown in fig. 4 is suitable for 
connection to a single-phase A.C. mains supply 
and can be adjusted for various supply voltages. 
It is constructed for a voltage of 50 volts with a 
maximum current of 7 amps. The efficiency is 
shown graphically in fig. 5. The voltage ripple 
occurring at the output terminals is less than 
0.1 volt at 100 cycles, and with this rippling no 


hum is audible. 
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Fig. 5. 1 Efficiency of the rectifier shown in fig. 4, plotted 
as a function of the current intensity. 2 Direct voltage 
output plotted as a function of the current intensity. As the 
current increases up to full load the voltage gradually drops 
with about 8 per cent. To correct for small voltage fluctuations 


the transformer primary is provided with three tappings, 
which correspond to the three curves in the figure. 


Rectifiers of this type for furnishing a direct 
supply to telephone installations and for buffer 
operation are now supplied for outputs up to 
several kilowatts. 

Compiled by H. J. J. BOUMAN. 


- transmitting all frequencies below a certain limiting ` 


298 


PHILIPS. TECHNICAL REVIEW 


ELECTRICAL FILTERS III .. 


"Vol. 1, No. 10 ` 


P 


Vacation course, held at Delft, April, 1936. 


* 


By BALTH. VAN DER POL and TH. J. WEIJERS. 


LOW-PASS FILTER SECTIONS. 


Summary. In this article the characteristics of non-dissipative low-pass filter sections 
are analysed by the method described in the previous issue of Philips Technical Review. 
À short discussion follows of the effect of the losses and the design of compound filters, 
whose input and output impedances are practically equivalent to pure resistances 
independent of the frequency. In conclusion a diagrammatic summary is given of the 
‘data and formulae for the design of low-pass filter sections. The appendix contains a 


summary of the formulae which were deduced in the article: 


Introduction 


The general. characteristics of T-sections, 
IIL-sections and half-sections which were deduced in 
the previous article will now be applied for deriving 
the simplest forms of low-pass, high-pass and band- 
pass filter elements and their characteristics. In each 
case we shall take a simple form of filter element 
as the fundamental type and from this derive the 
other type with the aid of m-transformations. We 
shall see later how from the sections available a 


compound filter can be built up to satisfy specific 


requirements. 


Low-Pass Filter Sections 


"The function, of a low-pass filter consists in 


. 


frequency with the minimum degree of attenuation - 


and to damp all frequencies above v, in a given 
ratio. We shallin the first instance consider ideal 
filter sections composed of pure reactances. We 
shall see later what effect the real resistances of 


filter elements can exercise. 
ad : 


a) Fundamental Form. As a basic foim we shall _ 


take the simplest form of low-pass filter section. 


.. We shall again denote “all magnitudes ‘relating 


to the fundamental form with an accent. The com- 

plete sections Z; and Z; are made up of a self- 

inductance L,’ and a capacity C;' respectively, thus: 
". . . d " 

1) Philips techn. R. 1, 272; 1936. 

Li 


Wt - ty 
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F 1 
25 joC€ j 
A T-section, a Il-section and a half-section can 
be formed from these elements in the usual way. 
As shown in the previous article (p. 274) the 
transmission bands of these sections coincide and 
are determined by — 1 < Z,/4 Z; < 0; Z, and 4 Z, 
are in this region of opposite sign, while Z, and 
— 4 Z, are of the same sign. Moreover |Z! < l4 ZJ. 
If now in one graph Z, and — 4 Z; are plotted as 
a function of the.frequency, the transmission, band 
is characterised by the fact that Z, lies between 
the abscissa and — 4 Z, For the filter section 
considered fig..8 répresents this diagram of.react- 
ances. From this we see that Z,’ lies between the - 
abscissa;and — 4 Zy for all frequencies between 
v = 0 and v 


Se ` Zi = joL,' j 


(32) 


vı. The transmission band thus 
0 to v vj. The attenuation 
band reaches from » = v, to co. The limiting 
frequencies are therefore v 0 and v = v,. For 
the sake of simplicity we shall express the frequency 
with the limiting value v, as unity and thus put: 


reaches from v.— 


— = «X 
9?i x 


(33) 


The limiting frequencies are therefore given 
by x = 0 and x = 1. According to equation. (17) 
_ we have for a limiting frequency: 

a) Z, = 0, Z, £ 0 or 

b) Z, 

c) Z 


co, Z, F co or 


Bay 


complete branches T-section | 


H-section 


V26 
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half section ' reactance-diagram 


. Fig. 8. Low-pass filter section. Basic form: Ly = R [n vi; ce = =i Vie 
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For x = 0 (v = 0) a) and b) are satisfied, for x = 1 
(v = vı) condition c) is satisfied. According to - 
equation (18) we have for frequencies with ` 
infinite attenuation: . 
a) Z = œ, Z F oo or’ 
.hbZ-—-0 Z0 
"These conditions are satisfied when x — co 
In the previous article we have seen that the 
characteristics of filter sections are determined by 
Z,Z, and Z,/4 Zo. For the sections in fig. 8 these 
magnitudes are expressed in the filter elements 


T L; and C: 


L , 
E EE i ete Sw 34 
1 : C ( ) 
Z’ l : : 
ioe Maw" Ly Ce . (35) . 


Zy Z = L; |C is real, positive aud independent 
of the frequency. We can therefore write: - 
Ly _ R l 

C; , 

We shall soon see the physical meaning of this 
resistance R. 


Z,' Zo! = . (36) 


For the limiting frequency A = 1 we have 


Z,'/4 Z,' = —1, so that: "A 

iur UO el 2935 
Sitom equations (36) and (37) we get L,' and C, 
expressed in terms of R and »: z 


Ly = 
an. XE tee (38) 
C; = E" 
m Rav, l 
Substitution of (33) and (38) in (32) gives: 
zie i l 
JU TETE 39 
Zy dior 2 
j2x 
10 
09| 
1 , 08 
£r f 
P^ZL07 


BEEHEESEAM 
EE d ere pon 
PT LL LLL LL 
cS Es 3 
'HERATANERHE 


o 0f 02 03 04 05 06 07 08 09 10 
X 17362 
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Fig. 9. Zp'/R = R/Z,’ plotted as a functien.of the frequency 
x = v/v; in the transmission range for the basic type of a 
low-pass filter. 


(v=). | 


(m 
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The image impedances now’ " follow from (9). 


and (1 2) 


Zp =RVI—< ; (41) 
PE l m 42 
ar en G0 (42) 


The physical meaning of the resistance R is thus 
the image impedance (both Z,' and Zx’) of this 


. filter section for x = 0 (» = 0). Fig.9 gives: 


for these filter sections as a function of the fre- — 
quency x (= »v[v,) in the transmission band. In 
the attenuation band x > 1 and Zy and Z; 
are therefore imaginary according to (41) and (42), 
thus conforming with the general conclusions 
previously reached. The value of the image imped- 


` ances in the attenuation range is in most cases of 


no practical usé. 


AW A ASR 


Fig. 10. Attenuation E a (real part of the propagation 


‘constant T) in decibels as a function of Z;/4 Z, for T- and 
II - sections. 


LES = U 4r jVitan o = V/U 


The | attenuation equivalent ais determined 
by means of fig. 10 in which a for the whole section 
n . 


a 


' 300. 


(whether of the T-form or the 7I-form) is represented 
as a function of |Z,/4 Z,!, for which x? may be 
substituted according to equation, (40). For the 
; half section a is half as great. a is expressed in 
decibels, i.e." 20 times the value found for the 
real part of the exponent when e`? 
a power of 10, as is almost universally the practice 
at the present day. We must here take the curve 
with the parameter 9 = 180 deg. (Further reference 
wil be made later to the significance of this 
parameter and the other curves in these illustra- 
tions). We see from the figure that the loss in the 

. transmission band (x < 1, or 1Z;/4 Z,| > 1) is zero 
. and in the attenuation band (x > 1, |Z,/4 Z,| > 1) 
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Fig. il. Phase constant B Gmaginary part of the propagation 


constant D as a function of iz 1/4 Zol for T- and I7- sections. 


it’ increases from zero to co as the frequency rises. 


The phase constant ĝ is obtained from fig. 11, 
where 'again the curve with the parameter 


p = 180 deg. is the operative one. It is seen 


VAR 


Un 
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that . in the transmission band increases from 

0 to m .as the frequency rises and is constant . 
in the attenuation band. 

b) m-Transformation. Applying iun (21) 

and (22) to the section in fig. 8 as the basic 

type, we get the complete sections, the T-section, 

the II-section, the half-section and the reactance 

diagram given in fig. 12. We thus have: 


Z= mZ 3c 
1— m! 1 
2 = 2 4 Z; 
ie. l 
L,=mLy ; 
I 2 
22 . (43) 
4m 
C: =m C; ; ` 
-Z,=j2Rmx=mzZ; ; 
> 1—m 
2 =n NP SM 
ale am 7 Fame (44) 
— zy izil) 
m 


(L; and C, are the elements of a fundamental 


` type whose values are obtained from equation (38). 


For the three magnitudes Zr, Zz and Z,/4 Za 
which determine the characteristics of the filter 
section, we get from equations [oan (24) and (25) 


if we again put 1 — m? = lje: 
Z,—-Z,;-—R/—É;..... (45) 
. ie 
jr 
DOT E 
ZZ. (1-G)=R 
7t T a) Y1— 3x? $ (6) 
Zo dg 
Ee soma - (47) 
4Z, a 
I 
eod 


We have already found that the transmission 


band, the attenuation band and the limiting . 


frequencies are the same for the transformed type 
as for the fundamental type. The frequency with 


complete branches T- section 


1— 
Fig. 12. Low-pass filter section. nis „transformation? L- = mly; Lg = 


H-section - 


reactancediagram 


"7 
half- section 963 


-— n Cy = mC,’ 


e 
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ə» iş the “resonance 
frequency of Z,, since. for this frequency Z, = 
and Z, Æ 0. For x = co, both Z, and Z, are co. 
To. obtain the attenuation for this frequency, we 
" put x = co in equation (47) and obtain: 


infinite attenuation,- X 


ies C E "3 
(| 42 1—m 2 erem 
which only becomes co for m = l, ie. for 


the basic type. In the transformed types the 
attenuation for x = co (v co) is thus finite. 
The frequency with infinite attenuation ve is 
obtained by putting Z, = 0 in equation (44), i.e. 


1 
= Q = ys dee «Bg 
¥l—m’.. 


EI (48) ` 
We have seen before that m lies between 0 and 1. 
It follows herefrom that x,, lies between 1 and co. 
By a suitable choice of m infinite attenuation can 
thus be obtained for any VRRIREY frequency in. 
the attenuation band. 


A 


49 zy 


Bene a ae 
o HHHH 


1736! 


| Fig. 13: Z4/R = R/Z {Plotted as a function of Z4 Zo for. 
non-dissipative filters. The image impedances Zp for the 

m, -transformation and Z, for the mq-transformation in 
the transmission range are "derived from this figure. for all 
types of filter sections. 


sx 


r 


The: attenuation equivalent a and the 
phase constant B are again determined for each 
` given frequency from figs. 10 and 11 by means of 


2L 1 


4 E» 


complete branches T-section II-section 


- 
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. with the parameter p = 


Fig. 14. Low-pass filter section. m_-transformation: Ly = mL; Q = 


equation (47). For x < a (ie. x < x,) we find 
from equation (47) that Zj/4Z, is negative and ` 
in the figures we take the curves with the 
parameter p = 180 deg; for x >. a (ie. x > X) 
Zi[4 Z is positive | and here we take^the curve ` 
.0 deg. i 
. The .image impedances Z, = Zy and Z,i in-the 
passing band can be found in fig. 13,. where ZR 
and R/Z, are pa as a function-of:. 
ae pn 
4Zj : 


‘In the —€— nem Z,R = PE IR i$ in- 
dicated by the curve with the parameter m = 1:0, 
for all different values of m to be used in this 
transformation, while R/Z, is to be found. from. 
‘the, curve with the value of m used as parameter. 


c) ma-Transformation. Applying the equations 
(27) to (31) to, the basic filter in fig. 8, we get 
the complete sections, the T-section, the ZI-section, 
the half-section and the. reactance diagram: shown: 
in fig. 14. We thus get: 


h-mL 


Ye . sd T 
C; = Td; bla (49) ` 
No . 
. G6 -mO.. m 
i= = Ze; 
mI e — me) 129 d—m { 
j (50) 
R, 2 i 
Z=- ea 
2jmx m : 
i =ë 
Lr= Lr 27 R x? ; (91) 
QUEE ces 1:2— d 
7 " NN 
R . 
Za —. x = — > (52) 
00 Hx: . 
Ly a —] i 
42, a = (53) 
-e shee a ; 
g 1 b "P 
Xo = 4 = z 54 
Tw a, 


half-section " reactancediagrain 11365 


5 o ; Cy = mCg. 


` 
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Obviously Z,/4Z, and hence x,, a and f for the 
same value of m.are the same for the m,-trans- 
formation as for the m4-transformation. . 

It follows from equations (46) and (51) that 
Z4,|R for the mg-transformation is equal to .R/Zy 


for the m,-transformation. Z4 and Zz, are now . 


also found from fig. 13. R/Z = R/Zx is now 
tepresented independent of m by the curve with 
the parameter m — 1.0, while Zp/R is given by 
the curve with the value of m used as parameter. 


d) Effect of Losses in the Filter Components. Up 


to the present it has been assumed that the com- < 
pónents of the filters are non-dissipative. But the ' 


coils and condensers always have a certain resistance. 
To determine the effect of this resistance we regard 


the losses in the coils as a series resistance r; and 


that in the condensers as a parallel resistance Ro, 
writing: 

ue E 

mE Reo C 
We also assume that d; is' the same for all coils 
in the filter and dg is the same for all condensers 
in the filter. Hence in the equations for the non-. 


= dg. 


dissipative ‘filter we must substitute for j w L and 


jœ C the expressions: ` EST 


: . T L i . * 
ty + joL= joL(1—j I joL (1— j dj); 


) = jec a —j dà 


1 : 1 
= 7 =j T= 
miS jac A 
| | (55) 


i then get for the fundamental form: 


Z =j 2Rx(1—jdy) : 
i R . 2.5. (56 
qo c mL ME : 3 a 4 ( ) 
` j250 —j de) 
Zy 2 . r ; 
-— 1—jd,) (1—jd 57 
zap 8 54) Fag) s. n 


As already ; indicated above, thé effect of the losses 
in the filter components on the imag& impedances 
can as, a rule be neglected. The image impedances 


are therefore always calculated without, consider- - 


‘ation of the losses.. 
It follows from equation (57) that Z,/4 Zy is 


now complex, we must therefore put: 


Zi eh, 
Pri iV" ; 58 
La (59) 
yg 8? pos s Bug gri 


© AS a rule d; and dg are small (0.005 to 0. 05). In 
many cases when using high-grade condensers dy; 
can in fact be neglécted altogether., To a very 
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close degree of approximation we can Caen 
write: 


r A =x l —j (de + dg]; (60) 
qe mun (61). 
V' - sx (d, + do); 
tg p' = — (d; + dc) (62) 


For the transformed types we can similarly deduce 
Z,/4 Z, from the results for the non-dissipative case, 
by. substituting x? (1 — j dj) (1 — j do) fox x^. We 
then get: 


=l. 
= a 08) 
a’. : 


— € (1 —jd;) (1 — jd) 


` We now also put Z;/4 Za = U + j V, tan p = V[U. 
‘In figs. 10 and 11 a and f are plotted as a function 
of |Z,/4 Zal with 9 as parameter. 


_ In the transmission band the effect of the losses , 
is most marked in the neighbourhood of the upper 
limiting frequency, where the’ attenuation may be 
fairly high owing to the losses, as may be seen 
from fig. 10. In the attenuation band the effect 
of the logses is greatest at the “frequency with 
infinite attenuation", resulting in the attenuation 
actually remaining finite. For x, x = a.we get . 
from equation (63) to a sufficiently close degree 
of approximation: 


Z eS] 
3m eg. wc A08) 
E Z "d —1 . 
zara (65) 
$e)? 2L. (66) 


e) Compound Filters. It was shown in the previous . 

article how a filter can be compounded from a 
number of individual sections. By connecting in 
series various sections of the ‘types discussed having 
different values of m (also with m.— 1, i.e. the 


. fundamental type), the attenuation in the attenu- 


ation band can be made to satisfy specific require- 
ments. At the points of interconnection of the 
sections equivalent image. impedances must be 
contiguous; if the only sections employed are 
wholly T sections after m,-transformation or IJ cells : 


after mg-transformation, this requiremént will be -. 


met. Also by inserting a half-section of the 
basic form T-sections can be transformed into 
Il-sections. It is also essential for the image imped- 


ances of the whole filter, i.e. the image impedances 


` of the terminal sections, to be as closely equivalent 


as possible in the transmission band to the resist- 
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ances R, and R, connected across the external 
| of the filter. 


terminals It is assumed that these 


Tp 


Ro ' 


17358 ' 
Fig. 15. Filter whose” primary and secondary are terminated 
by the resistances R; and Ry dnd a generator of voltage V.' 


The ratio of the transformer Tr is YR3/R;. If Ry = Rg the 
transformer can be dispensed with. i 


external resistances R, and R, are real and equal 
to each other. If they are not real, complications 
occur, to which further reference must be dispensed 
"with here. If they are different they can be made 


equivalent to each other by inserting a transformer 


(fig. 15). It follows from fig. 13 that for m — 0.6 


the impedances Z4 for the m,-transformation and’ 


Za for the m4-transformation are practically 
independent of the frequency over nearly the whole 
of the transmission band. This interesting property 
can be employed to advantage for providing a 
filter with suitable terminals sections. A filter built 
up of T sections whether of the fundamental form 
or after mj-transformation is terminated on both 
sides with a half-section after m4-transformation 
with an image-impedance Z4'at the terminating 
side and m = 0.6; a filter made up of IL-sections 
is terminated with half- -sections after My-trans- 
formation with an image- impedance Z4 at the 
terminating side and m = 0.6. Fig. 16 gives an 
example of each of these two cases. At the inter- 
connection of the sections equivalent image impe- 


"thE! 
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dancës are everywhere contiguous in the filter, 
and the image impedances of the whole filter are . 
practically constant over nearly the whole of the 


"transmission band. The values of the filter com- 


ponents are calculated from the'equations discussed, 
where ‘for R the value of the. (equal) external 
resistances is taken. 

"By .employing the mapis m- -transformation 
referred to on p. 276 terminals sections can be. 
obtained whose image impedances are still more 
closely constant in the transmission band. But 
very complex circuits are then obtained which 
in most cases can be dispensed with. i 


f) T Survey of the Filter Sections dis- 
cussed. (Fig. 17). The composition and most im- ` 
portant characteristics of the filter sections dis: 


` cussed “are given diagrammatically in fig. 17. 
`: Column l refers to the basic form, column 2 


to the m4-transformation, column 3 to ‘the My 
transformation. In the first row the. complete 
sections are given; the second row contains the 
values of: the components of these complete 
sections expressed in R, v and m. How a T-section, 
a ll-section and a half-section can be made up 
from these complete sections is shown in figs. 8, 
12 and 14. The subsequent rows gives the quali- 
tative values of Zr, Z4; a and ß as a function of 
the frequency. In each picture the frequency x 
is represented as the abcissa such that x = co 
falls in each case at the end of the axis. By adopting l 
a similar diagrammatic method the value co on 
the ordinate also has a finite location, except forf 
which is plotted linearly. In these four series the 
filter sections are regarded as non-dissipative. How 
the sketches are affected by the losses in the filter 


17558 


Fig. 16. Low-pass filter composed of a section of the fundamental type, a section after 
m-transformation with an arbitrary value of m, and two terminal half-sections after 
m-transformation with m = 0.6, giving an image impedance for the whole filter which 
is practically constant in the transmission band. a the individual section of T form; 
b these sections combined to form a filter, c the individual sections of 7 form; d these . 
sections combined to form a filter. The ‘filters’ b and d are equivalent. 
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components may be deduced by means of the 
analysis, given above for each particular case. In 
the next row Z,/4 Z, is given both for the ideal 


case (d = 0) as for the practical case (d Æ 0). of the magnitudes employed. 
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By means of these equations Z,/4Z, can be 
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, Fig. 17. Data and formulae for the construction of low-pass filter sections. 
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calculated for each frequency and the values of 
a and f then obtained from figs. 10 and 11. The 
last row of the table then gives the definitions 


* s 


OCTOBER 1936 


E 


4 _. Meaning of symbols: 


Z, Open-circuit impedance 
Z,, Short-circuit impedance 
Zy, Open-circuit impedance 

Zy, Short-circuit impedance 


Input side. 


Output side. 


Za Z, Image impedances. - i . » 


T Propagation constant. 

a Attenuation equivalent. 

B Phase constant. 

I Primary current of the n^ section E secondary 
current in (n — 1)" ‘section. 

Zr, Zņ Image impedances of the T- and II-sections 
respectively. 

Zj, Z, Complete sections. 

Zi. Zy Complete sections of basic form. 


: m, Parameter of "m-transformation". 


- 


ml 
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Appendix. Formulae in the article: “Electrical Filters II". 
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A SURVEILLANCE SYSTEM USING INFRA-RED RAYS 


By A. L. TIMMER and A. H. VAN ASSUM. 


Summary. Description of a surveillance system with infra red alternating light intensity, 
which works over a distance of 425 metres, In addition to ui light source a foto- electric 


cell and a two valves amplifier is used. 


Introduction 


At the present time it is becoming increasingly 
the practice. to protection ‘and 
surveillance of rooms containing valuable objects 
no longer to human attendants, but to automatic 
alarm systems which become actuated immediately 
an unauthorised person enters the protection area. 
The advantage of an arrangement of this type is 
that surveillance is continuous and that if required 
the competent public authorities, such as the police, 
can be directly warned of any intrusion, etc. The 
close surveillance offered by these systems is 
particularly useful and desirable, for instancé, on 
strong rooms of banks, valuable collections in 
museums, shop premises, etc. 

A reliable and efficiently alarm system must 
satisfy the following requirements: 

1) . It must not be capable of being easily rendered 
inoperative. . 


entrust the 


2) It must give an alarm on any interference with 
its normal state of preparedness (e. ga failure 
“of the current supply). 
.. 9). It must not be recognised as an alarm system. 
4) It must not be subject to interference or put 
out of action by normal activities and operations 
in the vicinity. 
Various mechanical protective arrangements, 
such as door contacts or step contacts, are naturally 


quite practicable, but important advantages are' 


offered by a method using invisible rays which on 


being intercepted in any way release an alarm 
system. Fundamentally the method depends on 
which 
furnishes a current as long as infra-red radiation 
falls on it. After amplification this very weak current 


the operation of a photo- -electric cell, 


can be used for controlling an alarm system. 

In the simplest form of such a system the photo- 
electric current is used directly for energising a 
relay. The current generated is however only of 
the order of a few micro-amperes, as may be gathered 
from the following example. If a glowlamp of say 
25 candles is used as a light source, the total 
luminous flux radiated will be about 250 lumens. 
When a photo- -électric cell with a window opening ` 
of e.g. 20 sq. cm is placed about 1 m from the lamp, 
the light falling on the cell will be: 

20 
47:100? 


A, vacuum: cell is employed which for white light 


250 = 0.04 lumen. 


has a sensitivity of approx. 25 micro-amps per lumen 


so that a current of about 1 micro-amp is generated. 
This extremely weak current can be intensified by 
inserting a lens between the light source and the 
photo-electric cell (fig. 1). If for this purpose a lens 


„of 25 cm focal length and 10.cm diameter is used 


and the distance between the cell and the light 
source is made only so great that the image of 
the incandescent coil still falls completely within 
the cell window, then the whole’ of the light 
collected by the lens will fall on the cell. 
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, The coil covers roughly a square of 2 mm side, 
while the cell window is a circle of 5 cm diameter. 


The filament must then be placed 26 cm in front . 
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generated is 350 microamps, which is still too small. 
We are employing visible light in this example, 
which therefore does not satisfy condition 3) above. 


Fig. 1. The image of the incandescent filament of a glowlamp L is produced in such a 
way that it exactly fills the aperture of a photo-electric cell C. In the lower half of the 
figure V is the size of the incandescent coil, v its distance from the lens, f the focal length 
of, the lens, b the distance of the cell from the lens, and B the size of the image V on the cell. 


of the lens, and the image is produced 460 cm 
behind the lens, so that a space of 4 m wide can be 
readily kept under surveillance. . 

l Although the lens.throws a much greater portion 
of the spherically-radiated light on the photo- 
electric cell than would be incident thereon without 
a lens, even with this arrangement only 2.32 lumens 
of the 250 Iumens radiated will reach the cell, the 
absorption losses in the lens being still left out of 
account. The photo-current i$ then 58 micro- 
amperes. It is not a simple matter to construct 
a relay responding to this small current, while 
moreover the space of 41/, m wide controlled is not 
particularly large. If in place of a. vacuum cell 
a gasfilled cell is used which is six times as sensitive, 
but also critical in adjustment, the electric current 


— "o — + 47350 
Fig. 2. If no light falls on the cell C a current flows through 
the relay A which attracts the armature, If C is illuminated, 
the current i generated as a result of this illumination produces 
a voltage drop at R. The control grid of the valve L becomes 
negative, and the anode current through A is reduced so 
that the armature is released. : ' : 


r---h 


Since the photo-electrie cell under consideration is 
however fairly sensitive to infra-red rays, the light 
beam can be rendered invisible by passing it through 
a glass plate which allows only the infra-red rays 
to pass through (infra-red filter). This adaptation 
reduces the photo-current to about a third. In 
order to be able to operate a relay it has thus been 
found necessary to amplify the photo-current. 


The Amplifier l " 

A simple circuit for amplifying the photo-electric 
current is shown in fig. 2. ; 

The current generated in the photo-electric cell C 
by illumination is passed through a resistance R, 
which is connected to the grid and cathode of the 


amplifying valve L, so that the voltage of the grid 


is negative with respect to the cathode. The method 
of operation is then as follows: No current passes 
through the resistance R when no illumination falls 
on the cell. The grid of the valve L is then at the 
same potential as the cathode, and a definite anode 


current.is circulating which maintains the attrac- .. 


tion of the armature of the relay.A. When the cell 
is illuminated the grid becomes negative, and as a 
result the anode current diminishes, thus releasing 
the relay armature. In this position the whole system 
is therefore in the “safe” setting. If the beam of 
light is interrupted, the current through the relay 
rises, the armature is attracted and an “alarm” 
arrangement can be operated. 
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This method of operation obviously does not 
satisfy the second condition enumerated above. 
Any failure or interference in the amplifier remains 
undetected, since the relay current is then zero 


and the armature is hence not attracted. This 


shortcoming can however be readily overcome by 


Fig. 3. If no light falls on C a very weak current flows through 
A which causes no other component to operate. If C is illumi- 
nated then, contrary to fig. 2, the grid of L becomes more 
positive, since here the current from C flows through R 
in the opposite direction; the current through A increases 


and may cause the attraction of the armature. . 


using the circuit shown in fa. 3, where the grid of | 


the amplifying valve L has a negative grid bias, 
so that a small feed current flows through the relay 
A which does not actuate the latter. Since the photo- 
electric cell is connected in the opposite way to 
that shown in fig. 2, the photo-current through the 


resistance R generated on illumination will reduce 


the negative grid bias, so that the anode current 
rises and the relay operates. If the system is in 
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increased by using a more powerful source of light, 
but this introduces the need for greater amplifica- 
tion; one valve is not sufficient for this purpose 
and several have to be used. l 

The fundamental circuit of the apparatus evolved 
in this Laboratory is reproduced in fig. 4. It will 
be seen that a condenser has been inserted between 


the photo-electric cell and the grid of the first 


amplifying valve. This has been done for the 
following reason: The circuits in figs. 2 and 3 are 
fundamentally those for D.C. amplifiers. -It is, 
however, difficult without complicated precautions 
to obtain a D.C. amplifier with more than one stage, 
while on the other hand the construction of a 
multi-stage amplifier for A.C. is very simple. 
Fig. 4 is thus a circuit for an A.C. amplifier, so 
that it is necessary to furnish the cell with A.C. also. 

Two methods can be used for generating alter- 
nating current: 


1) Alternating voltage can be passed to the anode ` 
of the cell. 


2) The ‘cell can be illuminated with an inter- 
mittent or fluctuating light. Na 

The second method is naturally the more 
advantageous. The apparatus no longer responds 
to a continuous beam of light, so that one cannot 
walk through the beam and direct a beam from 
a pocket lamp on to the cell as a substitute for the 
screened light. For this reason the second method 


.was selected. i 


Fig. 4. The intermittent illumination system. Light of fluctuating intensity falls. 
on the photo-electric cell C; inter alia, an alternating voltage is thus generated across R. 
This voltage is amplified by L} and is then applied-to Lo, whereupon the current through 
the relay A increases, as shown in fig. 6. : 


i 


the “safe” setting, then contrary to the circuit in. 
fig.2 current flows through the relay such that 
the ‘armature remains attracted. Any interference 
of whatever nature will then release the alarm 
system. The width of the area protected can be 


The fluctuating light is generated in the following 
way: A steel spring is substituted for.the armature 
in a magnetised coil (such as that from a loud- 
speaker) which is energised by alternating current. 
A small disk is attached to the spring. at its free 
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end. On connecting the coil to the A.C. mains the mean current. This anode current is employed 
' . supply the disk will vibrate with a frequency of for actuating the alarm relay. 


50 times per second (fig. 5). This arrangement is 


- 


Fig. 5. Oscillating spring for generating the intermittent beam. 
50-cycle alternating current is passed through the coil S, 
so that the spring is set in vibration with the aid of the horse- 
shoe magnet with poles N and Z. i 


set up in the beam between the. glowlamp and the 
lens in such a way that the disk, when. at rest, 
just bisects the beam of light falling onthe lens. 
In this way the beam can be entirely cut off or 
given a free passage by a minimum deflection of 
the spring. Ore might be inclined to employ 
resonance phenomena, i.e. make ‘the natural 
frequency of the spring equal to the A.C. frequency, 
in order to obtain a large deflection with a small 
power. This method cannot however be ‘used 
. satisfactorily since then a small variation in 
frequency will immediately result in a marked 
“diminition of the deflection. The natural frequency 


must exceed the frequency superposed on it, as. 


otherwise the spring would vibrate about a node. 
In this way the photo-electric cell receives an 


". Intermittent beam of light so that on a voltage, 


drop in R an alternating voltage is obtained at 
the grid of the first amplifying valve. After amplifi- 
cation this voltage is impressed on the grid of the 
second valve, which acts as an anode, rectifier and 
whose anode current therefore increases with 
increasing (alternating) voltage at the grid. The 
grid of L, has a negative. bias of such- a value 
that a very weak anode current flows (fig. 6). If 
alternating voltage is now applied to the grid the 
anode current as shown in the figure will become 
` pulsating; the pulsations are not however registered 
if measured by a moving coil instrument which at 
a sufficiently high frequency of pulsation indicates 


A a 


The currents at which the relay attracts or releases 


7*5 


1 ` * , T 
Fig. 6. In the absence of alternating voltage at the grid the 
amplifying valve operates at the point P of the characteristic 
(current intensity ij) If an alternating voltage is applied to ` 
the grid a pulsating anode current with an average value 
of i is obtained. i ee, 
the armature are determined by the dimensions. 
From the characteristic of the rectifier, i.e. from 


the variation of the anode current as a function 


of the grid alternating voltage, thé voltage required 
at the grid can be found so that the relay attracts 
its armature. The rest current which flows when no 
alternating voltage is present, ie. when the light 
beam is cut off, must therefore be a little smaller - 
than the current at which the armature is released 
(see fig. 7). 2 


t- 


355 


eb 


Fig. 7. Characteristic of the rectifier, i.e. anode current of 
the rectifier (which therefore flows through the relay -A) 
as a function of the alternating voltage at the resistance R ' 
of fig. 4. At the current ij the relay armature is attracted; 


` at i, it is. released. 
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Sensitivity of the system. 


The sensitivity of the system is mainly determined 
_by the current sensitivity of the relay, which in 
its turn is governed inter alia by the windings on 
the relay core. The power of a relay is determined 
solely by the product of the current intensity and 
the ‘number of turns, so that up to a point the 
sensitivity of the relay can be raised by increasing 
the number of turns and reducing the diameter 
of the wire. Since the photo-electric cell must 
generate such a current that the amplifier can 


furnish the difference between the currents at 


which the relay armature is attracted and released, 
it is evident that these currents will preferably be 
made small since the ratio between them is constant. 

It has been found possible to wind a relay having 
a "response current" of 0.6 mA and a “release 
current" of 0.2 mA. To obtain this current difference 
a grid alternating voltage of 0.015 volt is required 
, at the first amplifying valve. The photo-electric 
. cell must therefore furnish 0.015 pA (through 
an impedance of 1 megohm). This is the effective 
value, the peak value is 2 times greater. The light 
: however fluctuates from zero to a maximum, and 
the curve of the intermittent light must be compared 
with the “zero line” A; as shown in Sig. 8. This 
indicates that the peak value of the current which 
the cell must furnish is: 


2- 0.015 -V2 = 0.042 uA. 


When using a gasfilled photo-electric cell whose 
- sensitivity for white light is approx. 150 pA per 
lumen, the 0.042 pA required would need an 
intensity of 0.00028 lumen of white light. With 
infra-red rays the sensitivity is however three times 
smaller, so that then 0.00084 lumen (expressed 
as white light) must impinge on the photo-electric 
cell. 


Distance of Surveillance | 


To calculate the length of beam corresponding 


to an intensity of 0.00084 lumen at the cell window, 
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it must be remembered that over this great distance 
the whole of the light emerging from the lens no 
longer. -falls.on the photo-electric cell; the size of 
the image of the lamp coil is on the other hand a 
multiple .of the cell window (fig. 9). In this case 
the amount of incident light is inversely proportional . 
to the square full distance of the light source. 
Since the focal length f, the size V of the lamp 
coil and the quantity of light L falling on the lens 
are fixed, and also the amount of light / required 
for illuminating the cell cannot be improved in the 
particular construction adopted, the length of the 
beam b between the lens and the cell can only be 
increased by enlarging the surface A’ of the cell. 
The photo-electric cell must receive a minimum of 


Ef 
ph" 


A? 
l = B? = L 
which gives for the permissible distance of the 
photo-electric cell: 


(aV o 


The magnitude A’, the operative area of the cell, 


‘can in fact be further increased. For if the cell is 


placed at the focus of a parabolic mirror, the 
effective surface of the cell will be equal to that of ` 
the mirror. 

The above- pendoned udo have the fol- 
lowing values in our apparatus: 


f = 25 em, 

V = 0.2 cm, 

A’ = 200 sq cm, 

L = 2.32 Im (see above), 
L = 0.00084, lm 


‘so that for infra-red light the distance of surveillance 


can be: 


EINE 


midi Leer 9 
25! 000168 `, iib 


/7556 


Fig. 8. Fluctuation of the intermittent beam as a function of tlie time. 'The average value 


is represented by the line A and is a,, 


. The curve may be regarded as made up of two 


components, viz., a D.C. component with the ‘value a,, and an A.C. component with the 


englane aw 
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In practice thé attainable length of beam’ is 
smaller since absorption losses must also be taken 


in consideration. A more comprehensive system of. 


surveillance with rays will in fact require a larger 
number of mirrors, e.g. for reflecting the beam of 
light to and fro. The lens and the parabolic mirror 
referred to above also absorb light. If five plane 


mirrors are used and each optical unit absorbs 20 : 


"MEE : "m 4 
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be given. The apparatus will also give an ‘alarm 
when a failure or defect develops in one of the 
components; yet, according to the point of view, 
this can also be regarded as an advantage. © . 

The principal advantage of the system is the © 
fact that the beam of light is itself a fluctuating 
magnitude. A second and less important advantage 
is that, owing to the provision of the parabolic 


Fig. 9. Layout of a surveillance system in which the window A of the photo- electric cell 
is considerably smaller than the image B of the lamp coil. 


per cent of the light incident on it, then the 


quantity of light L must be multiplied by a factor. 


(0.8)? = 0.21. 

The maximum path of surveillance is then: 

= 93000 10.21 = 42500 cm. 

The apparatus could therefore be used for sui- 
veillance over a distance of 425 m. 


Advantages and Disadvantages 


One disadvantage of all systems run from 


alternating current mains is that any failure in 
the supply immediately causes a false alarm to 


mirror which concentrates: all incident rays at its ` 
focus, a screen with a small hole can be placed at 
this level at the focus itself. Extraneous light rays 
impinging at an angle, emanating from the general 
illumination or from passing light sources and 
concentrated next to the actual focus, do not.then — 
reach the photo- -electric cell which is therefore 
screened against these rays. This renders inter- — 
ference with the apparatus by means of a light 
source with the same characteristics extremely. 
difficult, since the direction of incidence of the Taye 
has also to be very accurately adjusted. 


r 
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THE ELECTRON MICROSCOPE AS AN AID IN METALLOGRAPHIC RESEARCH 


By W. G. BURGERS and J. J. A. PLOOS VAN AMSTEL. 


Summary. The crystalline structure of a metallic surface heated to a high temperature 


can be registered by employing thermo-electronic emission of the metal utilising an 
electron beam. For this purpose in a cathode ray tube of suitable construction the electrons 


emitted from the metal surface must be focussed on a fluorescent screen in the tube 


by means of electrical or magnetic fields. 


This article describes a suitable tube for this purpose and also discusses the activation 
process which must be applied to the metal under investigation, in order to raise its 


electron emissivity to such a level that a “visible” fluorescence is obtained. In conclusion 


it is shown that the emission and etched diagrams are in substantial agreement. 


Investigation of Crystalline Structure by Etching 


To bring out the crystalline structure of a metallic 
surface, the usual method adopted in metallography 
is to polish the surface of the test specimen under 
examination and then to etch the surface with a 
suitable chemical reagent. Owing to their aniso- 
tropic structure the crystallites are not uniformily 
attacked by the etching 
atomic surfaces 


medium, and certain 


are thus subjected to a more 
intense action than others, such that the crystal- 
lites acquire a tiered or stepped surface. This 


result is shown in fig. 1, which illustrates diagram- 


Fig. 1. *) Reflection of incident light from an etched metal 
surface (diagrammatic). This illustration shows a section 
perpendicular to the surface of the etched specimen. The 
thick lines indicate the boundaries of the various crystallites, 
and the thin lines the position of the atomic lattice in each 
crystallite. 


*) This illustration is taken from: G. Sachs, Z. Metallk., 17, 
299, 1925. 


matically a section drawn perpendicularly through 
the etched surface (the depth of the step is of the 
order of several microns). Since the orientation 
of the crystal lattice is quite abrupt on passing 
from one crystallite to another, the same will 
also apply to the direction of the steps. If therefore 
a beam of light is directed against the surface 
at a specific angle of incidence, the rays will be 
reflected in different directions by the different 
crystallites such that when viewed from a certain 
direction the crystallites will appear with unequal 
brightnesses. This phenomenon is shown clearly 
in fig. 2 for an aluminium plate which is composed 
of comparatively large crystals and which has been 
etched with hydrofluoric acid and aqua regia. 


It is obvious that etching at room temperature 
can only reveal the crystalline structure existing 
at that temperature, and that to investigate the 


17335 


Fig. 2. Etched aluminium sheet composed of large crystals 
(half natural size). 


structure obtaining at higher temperatures the 
specimen must be etched in the hot state. Although 
this can indeed be done !) the requisite procedure 
is cumbersome and difficult. 


Investigation of the Crystalline Structure with an 
Electron Beam 


As already indicated in a previous issue of this 
Review ?) the crystalline structure of a metallic 
surface at high temperatures can also be investigated 
by means of a beam of electrons. 

The practicability of such socalled electron- 
optical representation depends on the following two 
fundamental principals: 

a) The emission of electrons of metals at a hot 
temperature is determined by the composition of 
the metallic phase and for a specific composition 
by the surface of the crystal lattice through which 
the electrons emerge. This latter factor applies 
particularly following activation (see section below). 
b) If in a vacuum tube an electron-emitting cathode 
of suitable form is used, then by employing suitable 
electrical and magnetic fields it is possible to 


1) Thus e.g. in an investigation by A. E. van Arkel and 
P. Koets (Z. Phys. 41, 701. 1927) Iron was etched 
with chlorine gas at a temperature above 900° C. 


2) G. P. Ittmann, Philips techn. Rev. 1, 33, 1936. 
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concentrate all electrons emitted from.a specific 
point of the cathode on to a given point of a screen 
situated at a given distance away. The luminous 
pattern obtained on the fluorescent coating of this 
screen will then correspond point for point to the 
distribution of intensity over.the emitting cathode 
surface. As may be gathered from the previous 


| article in this Review, a magnification or reduction . 


of the image of the structure can be realised 
according to requirements. Magnification is em- 
ployed in the "electron microscope" in order to 
obtain a maximum size of image on the cathode 
surface. If this surface forms part of the specimen 
under examination, then in view of the differences 
in emissivity „referred to above the different 


Be 
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to the experimental:method adopted, while: the 
second article will deal in detail with the application 
of the method to a specific example. . 


l Experimental Procedure 


The experimental problems entailed fall into two 
groups: l 4 
1) Construction of the cathode-ray tube, and 
2) Preparation of the metallic surface to be used 
as cathode. we 5 l 


Construction of the Cathode Ray Tube 


The design and construction of the cathode-ray 
tube depend on the magnification. required. With 
the comparatively low linear magnification of 15 


` * i sa 


Fig. 3. Cathode ray tube with magnetic focusing for the investigation of metallic surfaces. NE 
a Cylindrical glass tube (length approx. 45cm, diameter approx. 6 cm).-b Plane glass ' 


plate. c Ground cònnection securing the cathode. d Cathode, made of a rolled strip of 
the metal under investigation. e Brass cap in front of cathode. f Anode, à wide brass 
cylinder. g Fluorescent screen. h Anode pole. k Connection for vacuum pump. l Tungsten - 


coil for depositing the activating coating on the cathode. m Ground connection. p Magnet , 


coil enclosed in mild steel sheath (internal diameter approx. 8 cm, external diameter 


approx. 20 cm, height approx. 6 cm). 


erystallites will be distinguishable from each other 


by differences in brightness on the, fluorescent. 


‘screen. The emission diagram obtained in this way 
closely resembles that obtained by etching the 
surface. "a " 

. The first study of metallographic problems by the 
electron-optical method outlined above was carried 
out by Brüche and his collaborators during in- 
vestigations in the Research Institute,of the 


- A. E. G. 3) Investigations in similar lines ^) have. 
also been carried out in this Laboratory. Some. 


results of this work will be described intwo articles 
to show what has been achieved in this direction. 
In this, the first article; discussion will be devoted 


3) Seein particular the work by E. Brüche and O. Scherzer, 
Geometrische Elektronenoptik (Julius Springer, Berlin, 
1934). Some new work at this laboratory will be referred 
to in the course of this and subsequent articles. 

4) W. G. Burgers and J. J. A. Ploos van Amstel, 
Nature, 136, 721, 1935. 
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to 25 employed in this Laboratory, the most 
practicable method was to focus the electrons by 
means of a magnetic field. A number òf investi- 
gators 5) have published constructional data for 
tubes of this type, and the tube employed by us, 


shown diagrammatically in fig. 3, was designed on. 
the basis of these data. It consists of a glass . 
- cylinder a about 45 cm long and 6 cm wide, which 
is closed at one end by a flat glass: plate b. At - 


the other end there is a ground connection for the’ 
"union with a tube- holder c in which the metal 


testpiece d to be used as cathode- is fixed; the . 


specimen is adjustably mounted on two nickel 
poles. One of the nickel poles carries a brass cap e 


with an aperture at the centre. A brass cylinder f: 


located in the glass cylinder a serves as anode. 


5) M. Knoll, E. G. Houtermans and W. Schulze,- 


Z. Phys., 78, 340, 1932. 
J. Pohl, Z. techn. Phys., 15, 579, 1934. 
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At the end of the brass cylinder is the fluorescent 
screen g, usually coated with blue-fluorescing 
calcium tungstate (for making photographic ex- 
posures). The connection to the anode is passed out 
at h. The tube k connects up with a vacuum pump. 
By means of a tungsten coil Z in a small tube holder 
any suitable substance, such as barium carbonate 
(if necessary produced by decomposition), can be 
deposited on the cathode to activate the latter. 
By means of the ground joint m the coil can be 
turned through a right angle after the material 
has been deposited, so that it no longer lies between 
the cathode and the fluorescent screen (as shown 
in the figure). Finally, p is a coil acting as a 
"magnetic lens" and which except for a slot several 
millimetres wide, is completely covered with mild 
steel to a depth of about 5 mm, as described by 
Ruska and Knoll. Fig. 4 gives a general view of 
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Fig. 4. View of experimental apparatus; the cathode ray tube, 
viewing window and enclosed magnet coil can be easily 
picked out. 


the whole apparatus, the cathode ray tube and the 
"magnetic lens" being easily picked out. With a 
tube of this type diagrams subject to very little 
distortion can be readily obtained. Naturally to 
ensure good diagrams at a given anode voltage 
(with respect to the cathode which is earthed in 
this arrangement) the current through the magnet 
coil must be of such a value that the rays can be 
sharply focussed on the fluorescent screen. 'The 
optimum current intensity through the magnet 
coil and the optimum anode voltage depend on 
the emissivity of the cathode and also on the 
relative positions (cf. fig. 3) of the surface of the 
cathode d, the brass cap e, the magnet coil p. the 


9) E. Ruska and M. Knoll, Z. techn. Phys., 12, 448, 1931. 
In this way the magnetic field is concentrated mainly 
in a plane perpendicular to the axis of the cathode ray 
tube, permitting the ampere-turns required to obtain a 


given *refractive action" to be reduced. Cf. also M. Knoll 
and E. Ruska, Z. Phys., 78, 318, 1932. 


Vol. 1, No. 10 


brass anode f. and the fluorescent screen g. The 
voltages employed in our apparatus were of the 
order of 3000 to 6000 volts when about 1 A 
current was passed through the magnet coil (2000 
ampere-turns). 

To obtain a sharply-defined image the voltage 
and the current intensity must be maintained 
sufficiently constant. The constant voltage was 
supplied from a suitably-rated anode voltage unit ir) 
and the constant current derived from an accum- 
mulator. Naturally the cathode ray tube as a whole 
had also to be adequately protected against 
vibration, etc. 


Preparation of the Metallic Surface to be used as 
Cathode 


Shape of the cathode 


It was found that a plane cathode located 
perpendicular to the axis of the tube gave an image 
of satisfactory definition on the fluorescent screen. 
We employed the metal under examination in the 
form of a rolled strip about 2.5 mm wide and 0.1 mm 
thick, the shape of which is shown in fig. 3d. Only 
the front position (a small square of about 2.5 mm 
side) served as the actual cathode surface for which 
a diagram was obtained. This surface was polished 8) 
and set up perpendicular to the axis of the tube 
immediately behind the aperture approx. 5 mm 
wide, in the brass cap e. 


Activation of the Cathode 


Frequently the emission of electrons from metals 
at temperatures at which e.g. a transformation is 
to be observed, is far too small to give fluorescent 
images of sufficient intensity for visual observation 
or photographic registration. It then becomes 
necessary to "activate" the surface of the metal, 
i.e. to raise its emissivity. Such activation can be 
realised by coating the surface with a layer of 
electro-positive atoms, as of barium, strontium or 
caesium. 

As a result of such activation the aggregate 
emissivity of the metal is very considerably 
increased. But apart from this effect, an intensified 
contrast in the emission pattern can frequently 


7) The anode voltage unit employed by us gives a maximum 
output of 20 watts. The energy taken from it is however 
much smaller, since the anode current is normally less than 
0.1 mA. 


8) Inequalities of the surface (as a result of deep etching), 
which affect the potential distribution in the immediate 
neighbourhood of the cathode, render the focusing action 
of the electrical and magnetic fields difficult and should 
be avoided. 

9) Compare J. H. de Boer, Electron emission and adsorption 
phenomena (Cambridge 1935). 
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also be obtained, since the different planes in the 
crystal lattice adsorb varying amounts of electro- 
positive atoms so that the differences in their 
emissivities are intensified. 

Activation may be performed in several ways, 
e.g. by coating the metal surface with an aqueous 
solution of barium azide or, with the aid of the 
tungsten coil J in fig. 3 which is suitably coated 
with barium or strontium carbonate. by depositing 
on the metal surface metallic barium or strontium 
or the oxides of these metals and then submitting 
the specimen to a specific, frequently complex, 
heat treatment, usually consisting of strongly 
heating the metal surface to different temperatures, 
with or without the simultaneous applications of 
the anode voltages. 


The choice of activator depends inter alia on the temperature 
at which observations of the crystal structure are to be made. 
If this temperature is comparatively high, an activating atomic 
layer should be sought which does not volatilise too readily 
from the surface of the cathode. For observations at low 
temperatures activation with the most powerful electro- 
positive atoms is necessary, thus Schenk °) has obtained 
good results with caesium already at 400°C. The emission of 
electrons from a metal can also be induced by photo-electric 
means by irradiating the surface with ultra-violet light. Using 
this method, diagrams of the crystalline structure can already 
be produced at room temperature Eb. 


The series of photographs shown in fig. 5 indicate 
the changes visible during the activation process. 
These photographs relate to an iron strip activated 
with strontium carbonate and represent various 
stages of the activation process 12), 

Immediately after vaporisation a more or less 
uniform emission is observed (a) at a comparatively 
low temperature (approx. 800 to 900° C.), such 
emission revealing no crystalline structure. The 
temperature is then raised, e.g. to 1010 ° C., where- 
upon the emission slowly decays (b-c), until even- 
tually") it disappears altogether(d). The temperature 
of the cathode is then again reduced, as a result 
of which emission recommences (e-i) and spreads 
visibly over the surface. 

The emission now obtained reveals the crystalline 
structure of the cathode surface. Fig. 6 enables a 
comparison of an electron-optical image (a) with 
the photograph of the etched cathode (b) taken 
immediately after. It is seen that the emission and 


1) E. Schenk, Z. Phys., 98, 753, 1935. 


1) J. Pohl, Z. techn. Phys., 15, 579, 1934. 
H. Mahl and J. Pohl, ibid, 16, 219, 1935. 


12) For this purpose a standard film camera was set up in 
S. PUTT : I I 
front of the glass plate b with which exposures were made 


with exposure times of 1 to 2 seconds. 


13) A temporary increase in emission may occur here. For 
details of these characteristics in the activation process 
reference should be made to a paper to be published in 
Physica. 
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etched diagrams are practically identical. The small 
differences observed are due to the fact that the 
emission diagram corresponds to the uppermost 
surface of the iron strip. while the etched diagram 


relates to a surface situated at a greater depth. 


a g 
b h 
d k 
e l 
f m 
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Fig. 5. Appearance and disappearance of the crystal-structure 

diagram on activating an iron strip with strontium carbonate. 

a After depositing the activator on the cathode, in the first 
instance forming a comparatively thick coating of 
strontium or strontium carbonate. 

b to d On heating to a high temperature the activating 
coating disappears and the emission becomes reduced. 

d to | The temperature is lowered and an image of the 
crystalline structure is obtained. 

k to m On again raising the temperature this image also 
disappears, 
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The process of activation described above may 
perhaps be explained on the following lines. After 
depositing the activating coating, the iron strip 
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Fig. 6. Crystalline structure diagram of iron on magnification 
20 times: Agreement between a the emission diagram (at 
880? C) and b the etching diagram (at 20° C). 

is in the first place covered with a comparatively 
thick coating of strontium or strontium oxide, and 
the emission obtained originates from this coating. 
As the temperature is subsequently raised, this 
coating disappears from the surface of the metal, 
part being removed by volatilisation and part by 
diffusion inwards. The emission therefore becomes 
reduced to that of the iron itself, i.e. it disappears 
almost wholly since the emission of iron at 1100 ^ C 
is very small. If the temperature is now reduced the 
volatilisation of the strontium from the surface of 
the iron diminishes to a greater extent than the 
back-diffusion of the strontium out of the iron. 
When the temperature has been sufficiently reduced, 
diffusion will predominate over volatilisation so that 
the metal coating required for activation is able 
to form on the surface. On again raising the 
temperature this coating also volatilises and the 
emission again falls, as may be seen from the 


photographs k-m in fig. 5). 
Revealing the Crystalline Boundaries 


In the emission diagrams reproduced in figs. 5 
and 6 the emission is seen to differ for different 
crystallites. With different methods of activation 
diagrams are obtained in which as in fig. 7a only 


14) According to the above experiment the activation process 
described here bears a close analogy to observations made 
in the activation of tungsten containing thorium oxide, 
cf. E. Brüche and H. Mahl, Z. techn. Phys., 16, 623, 
1935. 
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the boundaries of the crystallites are well defined. 
A diagram of this type is obtained particularly on 
heating cathodes which are still covered with such 
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Fig. 7. Emission diagram a (at 1100° C) and etched diagram b 
at room temperature of nickel iron: In the emission diagram 
the boundaries of the crystallites can be clearly picked out, 
while the socalled “twinning boundaries" marked in the 
etched diagrams by arrows are barely visible. 

a thick coating of activating material that the 
coating itself emits electrons and not the metal 
beneath it. Since at the boundaries of the crystallites 
any admixtures in the metal are frequently accu- 
mulated, it is possible that the activating coating 
above these boundaries is present in a different 
state, ie. reacts chemically or volatilises more 
rapidly, than over the crystallites themselves, and 
that as a result a different emission is obtained 15). 
Fig. 7a was obtained with nickel iron at a tem- 
perature of approx. 100? C., and fig. 7b with a 
cathode etched with hydrochloric acid and picric 
acid. In addition to a number of irregular boundary 
lines, the etched diagram also includes several 
which are quite straight (marked with arrows). 
These are the socalled boundaries, i.e. they separate 
two crystal lattice areas mutually orientated in 
twin positions. These boundaries are thus entirely 
different from ordinary crystal boundaries, where, 
as already indicated, e.g. admixtures or impurities 
may be accumulated. It should be noted that the 
difference in character of these two types of 
boundary lines is clearly brought out in the electron- 
optical diagram. While the ordinary crystal bound- 
aries appear very dark, the twinning boundaries can 
be barely distinguished. 


15) A generally valid explanation of this phenomenon has 
not yet been advanced as far as we are aware. Cf. e.g. 
E. Briiche, Z. Phys., 98, 77, 1935. 
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Correction. In the article on the „Development of the Coiled-Coil Lamp" Philips techn. Rev. I, 97, 
1936 the following corrections to printer's errors should be noted: 
1. (Table p. 98): The figures in the last column relate to a wire 0.1 mm in diameter (and 


not to one of 0.01 mm). 


2. (Footnote p. 100) : 1 m? of air contains approximately l cm? of krypton and 0.1 cm? 
of xenon (instead of 10 and 1 cm? respectively). 

3. (Fig. 8, p. 101): In the caption A and B have been interchanged; the caption should 
read: A for a coiled-coil lamp, B for a single-coil lamp. Hence the diminution in effi- 


ciency is lower in the case of the coiled-coil lamp. 
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 ELECTRON-OPTICAL OBSERVATIONS : -ON THE TRANSITION or ALPHA TO 
GAMMA IRON | : 


By W. G. BURGERS and J. J. A. PLOOS VAN AMSTEL 


Summary. To investigate the process of transformation or recrystallisation in a metal 

` by the standard etching method used in metallography, etching. must in general be 
performed during the transformation itself. In most instances this introduces considerable 

. .difficulty, particularly at high transformation temperatures. In such cases the electron- - 
optical method of exhibiting the crystal structure of a metal at a:high temperature can- 
prove of great service. The present article describes how this procedure may be. applied 
to the investigation of the transformation of'iron Trom the y to- ‘the a DRAN which occurs, 


at about 900,° C 


In the previous issue!) of this Review it was 
shown how the crystalline structure of a heated 
metal surface could be rendered visible by electron- 
optical means in the cathode ray tube. This method 
consists in focusing the electrons emitted from 


the metal acting as a cathode, on to a fluorescent 


screen in the tube by applying suitable electrical 
and magnetic fields to the electron beam. A fluores- 
cent image is produced on the screen whose bright- 


ness corresponds point for point to the emitting 


cathode surface and which can moreover be enlarged 
_ to give a.much magnified image of this surface. 

` Since the individual.crystals of which the cathode 

.is composed in general emit electrons to a varying 
 .degree owing to differences in composition and 
axial orientation, .fluorescent areas of varying 
intensity are produced on the screen. Tlie screen 


thus reveals a pattern very similar to an etched. 


figure, a feature very aptly shown in fig. 6 of the 
previous paper. 

` This method of rendering visible the crystalline 
structure of a metal specimen at a high temperature 


can prove particularly instructive where the metal : 


undergoes a transformation on heating. and it is 


A 


1) Philips techn. Rev., 1, 312, 1936. 


- be etched at this temperature. 


article ‘the surface of the crystallites becomes * 


. E E "dis 


Pt 


a = Peo ees "E 
: Y 


desirable to investigate the stable phase above tlie 
transition point. By the etching process commonly 
used in metallography and briefly outlined in the 
previous article, this can only be done by etching 
at room temperature when the phase in question 
can be supercooled by reducing the temperature ; ` 
of the: heated testpiece at a sufficient velocity 
(“quenching”). But frequently retention of this 
phase is impossible even on the most rapid cooling. 
In. order to investigate in such case the phase 
existing at a high temperature the testpiece must 


That the etched figure then obtained remains stable in ` 
spite of the transformation occurring during cooling is demon- | 
strated by the following. As already explained in the previous 
‘stepped’ as 
a result of etching. These steps are of “microscopic size’, 
ie. they are composed of a large number of atoms, and their 
direction conforms with specific surfaces of the crystal lattice. 
An etched surface of this type is again reproduced in fig, 1 
with the crystals shown by continuous lines. Assume that the 
crystals owing to a transformation during cooling have been 
altered to the state as shown by the broken lines. In general ` ` 
these changes are not directly observable, for as the alterations 
in structure in many cases take place atom for atom, the new 
crystals completely occupy the same space as previously 
taken up by the original crystals, except for deviations of ` 
atomic dimensions (approx. 10— cm) at the-surface. These - 
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changes are however much too small to alter the visible shape 
of the steps, so that no difference is detected in the etched 
figure?) . Only on further etching does the old surface disappear 
and in place of it there appears a surface formed by the newly- 


constituted crystals. 


20015 

Fig. 1. Structural changes in a metal during recrystallisation 
(diagrammatic representation after van Arkel and Koets). 
The figure shows a section drawn perpendicular to the surface 
of the test specimen. The continuous lines indicate the bound- 
aries of the crystals originally present, at which a step-shaped 
surface is exposed by etching. The crystals produced by 
transformation and indicated by broken lines completely fill 
the space occ upied by the previous phase, except for differences 
of atomic dimensions (of a magnitude of 10—? cm). Only after 
renewed etching is the old step-shaped surface displaced by 
one corresponding to the new crystals formed, so that the 
latter becomes apparent. 


In many cases the etching of surfaces at a high 
temperature is a difficult matter, particularly where 
not only the phase formed by a specific transfor- 
mation, but also the development of such trans- 
formation itself is to be studied. 

The intrinsic suitability of the electron-optical 
method for investigating a transformation taking 
place at a high temperature is shown by the study 
described below of the transformation of the alpha 
modification of iron stable at temperatures below 
about 900°C into the gamma modification ?) stable 
above this temperature. 


?) There are however exceptions. So the growth of martensite 
H . 5 H . 

needles can immediately be observed without etching. 

This transformation was cinematographically recorded by 


H. J. Wiester. Z. Metallk., 24, 276, 1932. 


3) As is well known the iron atoms in both modifications 
form a cubic lattice, with the sole difference that in the 
case of a iron the centres of the cubic cells are occupied 
in addition to the corners (space-centred structure), while 
in y iron the cubic surfaces are occupied in addition 
to the corners (face-centred structure). That the modifi- 
cation stable above 900 ° C is denoted by y and not by 
p is associated with the fact that magnetic a iron stable 


at room temperature becomes non-magnetic at about 
760° C (Curie point) and this non-magnetic phase, 


which has the same crystal structure as the magnetic 
phase, is already designated as f iron. It would in fact 
be more logical to term the transformation at 900° C 
the fi-transformation. 
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Brüche and Knecht‘) were the first to study 
this transformation by electron-optical means. In 
their experiments the iron was activated to such 
a degree by a thin coating of barium volatilised 
on an oxide 


about 1000? 
of the crystalline structure, embracing all crystals 


cathode that at a temperature of 
C a well-defined fluorescent image 


of the gamma modification stable above 900° C, 
was produced which moreover could be readily 
photographed. At the transition point itself and 
particularly at still lower temperatures, the emission 
was however too weak, in spite of activation, to 
give the fluorescent pattern, if adequate adaptation 
in a darkened room were not provided. Photographic 
of the 


transformation point was thus not possible °). 


registration variation in structure at the 

In our experiments the iron, which was used in 
the form of a rolled strip several mm wide and 
ated 
by a volatilised coating of Sr (or Sr0) deposited 
By suitable 
heat treatment it was found possible to obtain such 


0.1 mm thick, was electrically heated, and activ 
from a tungsten coil coated with SrCO,. 


powerful and sustained emission that both above 
and below the transformation point well-defined 
patterns of the structure were obtained; these did 


not exhibit any appreciable reduction in intensity 


20016 
Electron-optical images of crystal structure (magnifi- 
cation approx. 15) of a heated iron strip whose temperature 
is a) a little above, b) a little below, and c) again above the 
transformation temperature of the two modifications. The 


Fig. 2. 


figures thus show: 
y crystals. 


a) y crystals, b) a crystals, and c) again 


Figures a and c are seen to be quite different. 


during a period of 10 minutes and could be success- 
fully photographed with a standard film camera 
(through the glass plate b in fig. 3, loc. cit.) employing 
an exposure time of about 2 secs. 

The mechanism of activation on these lines has 


1) E. Brüche and W. Knecht, Z. 
1934; 16, 95, 1935. 


techn. 


Phys., 15, 461, 


5) These investigations could however quite definitely con- 
clude from the alteration in the crystal pattern, if any, 
whether the transformation point was passed or not on 
reducing the temperature, by making all observations at 
1000? C. and reducing the cathode temperature for a 
short time between successive observations to a temper- 
ature in the neighbourhood of the transformation point. 
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already been described in detail in the previous 
article on the basis of a series of photographic 
records. The photographs reproduced in fig.5 of 
that article relate to iron. In fig. 2 of the present 
article three crystal-structure patterns obtained by 
the same method are reproduced. These were 
obtained with the same strip and at temperatures 
just above, just below and also directly at the 
transformation point. The patterns thus show in 
15-fold magnification: a) y crystals, b) a crystals, 
and c) again y crystals. From a metallographic 
standpoint the fact is interesting that the two 
y structures are different: The first transformation 
from the y into the a phase was probably very 
complete and left no y nuclei, which on subsequent 
transformation could have caused the re-generation 
of the original crystals. 

The progress of transformation itself can also 
be very well followed by varying the electric current 
passing through the iron when the latter is heated 
in the neighbourhood of the transformation point. 
The occurrence of a temperature gradient in the 
strip (as a result of the marked cooling at the 
clamped ends) causes a displacement along the 
surface of the strip of the line of separation between 
the crystalline states above and below the trans- 
formation temperature. In consequence trans- 
formation is seen to proceed from one side of the 
fluorescent screen to the other. By very slowly 
altering the current the duration of transformation 
could be extended to a period of 5 minutes, thus 
permitting the whole process to be filmed using 
an exposure time of 2 secs per picture as indicated 
above. 


The observation of the transition of the y phase stable 
above the transformation temperature into the a phase stable 
below this temperature was particularly successful. Since the 
ends of the strip are always at room temperature, a crystals 
are always present in the colder part of the strip; these serve 
as nuclei and ensure a uniform development of the trans- 
formation process. Conditions are however different on inverse 
transformation: At the beginning of the experiment 7 crystals 
are then absent and it may occur that transformation is only 
initiated when some point or other is superheated to a few 
degrees. When this has once occurred the nuclei generated 
then frequently commence to grow suddenly and very rapidly 
(owing to the high temperature) and it is no longer possible 
to register the development of growth photographically using 
the comparatively long exposure time of 2 secs per picture. 


In figs. 3 and 4 two series of photographs taken 
from a film are reproduced which bring out well 
the transition of y crystals into a crystals. A 
point to be noted is how the nuclei of the a phase 
formed on the left develop into more or less elongated 
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crystals filling the whole strip. The rate of growth 
of these crystals has thus kept pace with the velocity 
of transformation, so that practically no other 
nuclei are formed. The photographs, which are 
in fact enlargements of standard film pictures, show 
the crystal structure with a magnification of approx. 
20 (fig. 3) and approx. 35 (fig. 4). The photographs 
in fig. 3 were made at the beginning of the investiga- 
tion, i.e. before sufficient attention has been given 
to setting up the cathode ray tube on a vibrationless 
which thus 
blurred appearance. This defect has in the meantime 


base, accounts for their somewhat 
been eliminated. Fig. 4 with a still higher magnifi- 
cation demonstrates extremely well the suitability 
of the electron-optical method for investigating 
the transformation processes. Further investigation 
of this method of analysis will show how far the 


procedure can prove of general application. 


a e 
b f 
ë g 
d h 
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Fig. 3. Electron-optical representation of the transformation 
of y crystals a) stable above 900° C into a crystals b) 
stable below 900° C on slowly lowering the temperature 
of the strip. The new crystals grow from left to right, as 
indicated by the white line of separation. 
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Fig. 4. As fig. 3. The line of separation between the growing a and the disappearing y 
crystals is not shown here, since it can be quite clearly picked out. 
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NT Tala, TELEVISION c db c .d 
E Jas by J. VAN DER MARE. 7 S un r 


=. ve ers 
Summary., The e télevision transmitter in the Philips ‘Laboratory: which has already been ° 
described 1 in the first nuniber of this review !) has now "been. adapted for transmitting , 
' with a wide variety of line frequencies using sequential” and interlaced scanning systems. 


Pc to in.the fist article." ee um 
ge e 9 . eue e e 


meo s LE : dU. not t 


In a prévious article!) in this Review the 


television ‘transmitter in this Laboratory has. 


already been. described in’ broad outliné: In the 
¥ 0 ; TAND TE 

present article. details aré givén of a-number of 

points on. which’ fürther information- has- been 


gathered during experience with the experimental ` 


2 


transmitter. 

` It should, be pointed. out at t the Sutset- diat the 
transmitter in its present form, as indeed already 
` indicated. in. the.- previous.. article, . is suitable for 
transmitting: purposes. employing a wide choice of 
scanning - -lines per picture: Béfore passing to a 


. closer considération of-this point we shall again: 


briefly describe the scanning process employed. 

The earlier description.related to a unit for 
transmitting 25 pictures per second and 180 lines 
per picture.’ “These pictures" “were on“ "the, whole 
quite * satisfactory, -but-.suffered from. a Nery un- 
desirable . defect, viz., the bright - parts: in the 
field of vision were ‘subject to flicker. This flickering 
produced an unsteady visual impression -which 
made. it very fatiguing to view the pictures for 
any length of time. The reason for this was that 
when an. ádequate, brightness of the.field of view 


was ; obtained: the,- picture- -frequency of 25 per 


second was’ insufficiént to- produce - a perfectly 
steady impression. This flickering could þe avoided 
by ‘transmitting at a higher picture frequency, 
. e.g. 50 pictures per second, at which no fluctuations 
‘in the brightness impression occur 2), but this 
would mean doubling the maximum modulation 
frequency to retdin the same picture definition: 
a very. undesirable alteration. ~ : 
Flickering can, however, be suppressed sithout 
altering. the maximum: modulation . frequency, 


viz., by: adopting. a suitable artifice. For. if with an ` 


odd number of scanning lines pér piéture, e.g. 
405, at à picture frequency. of 25 per. 'second, the 
picture’. frequency “is doubled, i.e.. to 50, then 
1) Philips tecbn. Rev., 1, 16; 1936, 


2) For reasons given later on in this article, there is in practice 


only a choice between 25 and 50 pictures per second et 


when using a mains frequency of 50 cycles. 


` These extensions are'discussed; as well as a number of circuit details which wWerenot referred -` —— P 


ep neci ad s dd ll aha à 
202.5 scanning lines per picture will be obiined 
ie. not an integral number of lines. The scanning 
of the picture then commences .alternately.in the 
left-hand top corner and in, the "middle: of the top 
edge of the picture. Fig. I: shows that this- results 


in bringing the. lings. of the “even” ? pictures exactly 


Fig. X uela dnd squeal se sc fing: “of ipi piche of , 
7 lines, Both-systems employ the: ss&me- -saw-tooth movement . 


in scanning the lines (I and Ii D; in interlaced scanning the 
saw-tooth movement" of the lines acróss*the ‘fraine ‘has’ double 
the frequency às in sequential’ scanning. (I. b; and; IIb). The 
net result is that by. both systems the whole" surface of the 
frame is scanned in-the same time; with sequential : scanning 
(right) the lines, are scatined in’ direct succéssion,, "while in 
interlaced scanning (left) f first all odd lines. And then all even 
lines | are scanned. s uL 


m ness ie ae 6 the? «odd? pictures. 
Although the whole picture surface is written: in 


1/25 of a second, i.e. in the same time as formerly, : 


directly contiguous lines in: the .picture..are now 


reproduced “alternately ‘at. intervals of 1/50. of a. 


second. Since a. ‘televised picture “must: be «viewed 
from ; such . a' distance -that .-the. individüal. lines 


_ cannot be seen Separatély : (in the sàme:way.as the 


impression. ‘of a screen-block" must be.viewed from 
such a’ distance that the screen dots’ .are.not seen 
individually), -no ' flickering ‘will “be observable. 


“This effect is hon in rage 1 for a- picture with nd 


T lines, 91 0. gor T 

The maximum ioil: i egnan in this 
system’ of scanning, called interleaved 
scanning, interlacing’ or line jump 


scanning, remains unchanged; for the number of 
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picture elements transmitted per second is not 
increased. 

The transmitting equipment at the present 
moment is suitable for the use of the following 
scanning systems: 


Picture Scanning 


frequency lines per pio aie Picture 

| per second picture Te | 

| 
1) | 50 90 Sequential | Non-flicker 
2) 50 120 $5 $ 
3) | 50 180 5 a 
4) | 25 180 s Flickering 
5) | 25 240 a 
6) 25 360 - " 
1) 25 375 3 T 
8) 25 405 5 " 
9) 2 x 25 187!/, | Interlaced | Non-flicker 

10) 2 x 25 2021/3 A 


A number of examples is reproduced in fig. 2. 

The oscillator, the frequency demultiplicator 
and the various saw-tooth generators are adjusted 
by switches to the various requisite frequencies, 
so that by switching over a number of knobs 
a change can be made instantaneously from one 
system of scanning to the other. 

In the diagrammatic sketch in fig. 3, a number of 
additional components not included in the previous 
layout (page 19 of this Review) are shown on the 
left next to the oscillator and the frequency demulti- 
plication stages. The need for these auxiliaries is 
shown by the following considerations. The tele- 
vision receiver, and in fact also the transmitter, 
must be fed from the mains. The direct voltages 
employed, which are generated by rectification, 
will always indicate their origin by the presence of 
ripples, if no costly additional apparatus is included 
to avoid this effect, these ripples are apparent in the 
images by one or more slightly dark bands and a 
slight displacement of the lines. As long as the 
bands are stationary with respect to the frame, 
this effect can be tolerated, but the bands con- 
stitute a serious disturbance as soon as they com- 
mence to wander across the picture. Stationary 
bands are only obtained by synchronising the 
picture frequency with the A.C. mains supply. 
If interlaced scanning is used for transmission, 
synchronising becomes still more imperative, since 
adjoining lines are not scanned in direct succession, 
so that without synchronising the lines of the odd 
and the even pictures will move with respect to 
each other, the definition of the picture naturally 
suffering in conseqeunce. If scanning is synchro- 
nised with the A.C., the two frames used with 
interlaced scanning follow each other at intervals 
of 1/50 of a sec., as indicated in the table, i.e. with 
the same periodicity as the mains supply, with the 
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result that the adjoining lines are distorted to the 
same extent by the voltage ripple. It is also essential 
to synchronise the picture frequency with the 
mains also when transmitting films in which the 


projector is driven by a synchronous motor. 


| 


) 


E a 
L —Hu— o —— — ) 
= —— >= 
b) 
200/19 
c) 


20014 
b) 180 lines, 


Fig. 2 Pictures obtained with: 


a) 90 linies, 
c) 405 lines 
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Fig. 3. Diagrammatiz, ia of the. transmitter. In the oustilates 2 F in the top left, im- 
.pulses are .generated with' a "frequency 2f (f is the line; frequency, being equal to the ' 
` product. of the picture frequency n per second and the number of lines N per picture). 
In the stages depicted below this frequency i is demultiplied ‘until a 50- -cycle frequency is 
- obtained. In this way the picture frequency n (25 or 50 cycles) is arrived at on the one ' 
hand, and on the other hand (going to the left.in the diagram) the oscillator, which | : BON 
i . „furnishes a voltage with a rectangular time diagram, is controlled. This voltage, together —. 7 . 
“with an equal mains-controlled voltage is passed to a component marked R;.the latter E 
furnishes. a direct. "voltage "which is’ a measure of the phase difference between the two — 
"alternating voltages: This direct voltage serves as the control voltage for the oscillator 2F 
. which in this way’ ‘is stabilised ; as described in the text. The itipulses furnished: by F'andn 


à; x. ant MN 


aré converted i in L and B to synchronising signals with rectangular voltage characteristics. s e 
- These signals are mixed and. 'amplified in the amplifier A g; they also serve for, operating E 
. ‘the two saw-tooth generators . for controlling the electron beam in the i iconó$cope, and " $, 
. ` are finally passed | to the complex E which furnishes the compensating signals. From'the & 
amplifier A; S the synclironising signals are inler alia; passed to the control electrode of l i ' E 


the iconoscope in order to suppréss the electron beam during each flyback! ~ . Hd "3 
. Four different compensating signals are given in the diagram (although actually more are i 
: used), viz., the saw-tooth voltages with line and picture frequencies, and sinusoidal volt- 
„ages with the same frequencies. These voltages, each of which can be regulated, are 
' mixed in the amplifer Ac. The picture signals of the iconoscope are first amplified i in the 
amplifier Aj. As shown diagrammatically these signals increase, for instance, from left um . 
to right, while they should have a horizontal mean value throughout. By mixing a suitable zs ' 
+. . compensating signal from Aç in-the amplifier A, this horizontal level may be obtained. 
. The end of the synchronising signal is however then distorted.-To eliminate this, distortion - 
2t... the distorted end is cut out in A5, by limiting the amplitude, whereupon a synchronising 
, Signal is added i in ‘A 4in order to obtain the correct amplitude for the synchronising signal. 
. The „Signal i is then ee to the transmitter. ; 


rur M m Te PURO: i F ae 
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The frequency of ‘the oscillator, which’ controls 
scanning, must.therefore be: of such a.value that 
the picture frequency. which .is :derived ~from 
it by a.series ‘of. demultiplications.is maintained 
in synchronism with the mains. This is dóne'in the 
following way: The.oscillator-is :designed. on' such 
lines that- its frequency: can -be. regulated within 
specific limits. by altering - a- direct voltage. The 
' latter is furnished by a circuit in which-a. 50-cycle 
alternating voltage derived . from the mains is 
balanced against another 50-cycle alternating 


voltage generated by frequency demultiplication. 


. This circuit is so designed that the direct voltage 


obtained is a measure of the phase difference 
between’ these two voltages. As soon as the picture 


frequency deviatés slightly from: the mains fre-. 
quency, this phase difference will be altered and . 


hence also the direct voltage. This change in the 
direct voltage now reacts on the oscillator frequency 
in'such a way that the initial change is compen- 
sated. In this way the line and picture impulses 
are maintained in a strict proportionality by demul- 
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tiplication in frequency and phase, and the latter 
are always synchronised with the mains supply 
and in a definite adjustable phase relationship 
with it. 

The circuit diagram in fig. 3 also includes a 
number of other alterations whose purpose will also 
be described in some detail. It has already been 
indicated in the previous article that the iconoscope 
furnishes a voltage whose magnitude at every 
instant is a measure of the illumination incident 
on that part of the light-sensitive plate being 
scanned at that moment. In addition to this 
signal, the iconoscope can also generate a further, 
and undesirable, signal owing to a small part of 
the electrons emitted from the signal plate return- 
ing to it and impinging at points different from 
their initial points of emission. There thus results 
a charge transport from one part of the signal 
plate to other parts, such transport becoming 
apparent in the final picture as blurred bright and 
dark patches. The definition of the picture does 
not suffer in consequence, but the average bright- 
ness over certain areas deviates from the correct 
value. Since this phenomenon makes itself appar- 
ent as large blurred spots, it is possible to eliminate 
it by means of an auxiliary signal. 

If, for instance, a picture is obtained at the re- 
ceiver which is too bright on the left and too dark 
on the right, this condition can be improved by 
superposing in the transmitter a compensating signal 
in the form of a saw-tooth voltage with the line 
frequency on the voltage furnished by the iconos- 
cope (the line frequency is entailed here since the 
lines are scanned from left to right). In this way 
the average brightness is reduced on the left and 
increased on the right, so that with a suitable 
choice of voltage the correct value is obtained 
over the whole frame. 'The result is checked with 
a monitor receiver. 

To permit this method of compensation to be 
used in all cases, various compensating voltages 
are available, such as e.g. saw-tooth voltages of 
picture and line frequency and alternating voltages 
of various frequencies, which are derived from the 
synchronising impulses. As Fourier components 
the synchronising impulses contain a large number 
of harmonics of the picture and line frequencies. 
All these voltages can be continuously and con- 
trollably mixed or modulated with respect to 
each other, both in magnitude and direction, and 
impressed on the picture. Naturally the com- 
pensating signals must be subsequently regulated 
by hand, the result being checked on a monitor 
reproduction tube. It should also be noted that 
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by the addition of the compensating signals the 
synchronising signals become distorted, as shown 
in fig. 3 in the diagrams 


and A, As this is not permissible if efficient 


drawn above A, 


Fig. 4. Iconoscope camera. 


operation of the receiver is to be ensured, the 
distorted part of the synchronising signals is 
eliminated in a special amplifier A, by limiting 
the amplitude, and after a new synchronising 
signal has been superposed in A, the total signal 
is then passed to the actual transmitter. 

A small temporary transmitting room has been 
equipped in which the television camera was set 
up; the camera is as mobile as an ordinary film 
camera and is connected by cables with the feed- 
voltage supplies and the control board. The iconos- 
cope was electrically controlled from this control 
board. By means of a mirror the cameraman is 
able to check directly the definition of the optical 
image on the iconoscope screen. Since the focal 
length of the lens is fairly large (21 cm) owing to 
the size of the iconoscope, the depth of contrast 
is very small with the diaphragm fully open (f/2.9), 
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Tig. 5. Filmprojector and iconoscope 


so that focusing requires very great care. In this 
respect, the conditions are less satisfactory than 
when filming. 

Regarding the sensitivity, it has been found 
that as a rule outdoor scenes which can be suitably 
filmed can also be satisfactory picked up with the 
iconoscope. 

For direct-transmission from the transmitting 
room Philips water-cooled high-pressure mercury 
lamp was used as a light source. The general 
lighting was provided by a combination of three 
of these lamps, which owing to their compact 
dimensions could be placed close together; when 
fed from three-phase alternating-current mains 
this group gave a practically constant light output. 
(In television the light source must not be subject 
to fluctuation, as the various parts of the object 


are reproduced in succession and light fluctuations 
are liable to appear as dark and bright strips.) The 
aggregate output of the group of three lamps 
referred to is 7.5 kilowatts. 

Small mercury lamps were used as auxiliary 
lighting to illuminate areas in shadow. 

This method of illumination represents an im- 
portant advance, mainly because of the small 
amount of heat radiated. With incandescent lamps 
and arc lamps the radiation of heat is frequently 
intolerable to the speakers or artists being televised, 
while the mercury lamps radiate only very little 
heat. This is a very important point in television, 
since here the persons must usually face the camera 
for longer periods than when being filmed, where 
the individual scenes usually do not exceed more 
than a few minutes in duration. 
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Fig. 6. Control board. 
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By BALTH. VAN 'DER POL and TH. J : WEIJ ERS.’ JUN S 
"HGE TASS a FILTER SECTIONS : . 
LE à E ut ied dd 
Summary, The maki descibed in the previous niidi for investigating low-pass “Altes MN os 
sections (basic types and m-transformations) are applied i in this article to high-pass and - : co, 7 
. band-pass filters. Furthermore, i in the section on “double m-transformation” an extension f 
: of the m-transformation is given, Which can be applied to band-páss | filters and, inter alia; | ipeum 
can also give rise to sections of a particularly simple construction. ` All data obtained i in^ SU 
this way for the design of low-páss, high-pass and band-pass filter seétions are collated 
= in Tables II and III. In conclusion, the design of a low-pass | filter which has to meet specific. dc 
Aeapienipats is discussed by ` way of example. ' 


. ooh a i a - 
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Basic Types and m-Transformations 


In the previous articles it was shown how the 
image impedances, the propagation constant and 
the. transmission and attenuation bands for. 
T-sections, ll-sections and half-sections could be i 
pepresented as functions of the impedances Z, and Z 
of the “complete branches”. . 

Thus the transmission band is aii by the” 
condition that Z,/4 Z, must lie between — 1 and 0. 

For the low- -pass filter sections discussed. in the 


previous article this condition was found to be :. 


satisfied for frequencies below a certain limiting 
frequency n: This condition may also be derived 


‘from the redctance diagrams of the fundamental 


types shown in fig. 18. The transmission band 
commences at the frequency 0 with Zy = j0 and 
— 4 Z = joo. Z = jo Lj' increases with the 
frequency, —42;,' = j4|o C, diminishes with 
increasing frequenty; the point of intersection of 
the two curves determines the limiting frequency »;. 


` band- -pass "filter sections fro 
| of all three. basic. types t 
‘for "which E 


. pass: filter | sections co; 4 


These considerations. also show the values which 
the impedances Zr and Zy must have in order to 


obtairi a high- pass or a bandj ~pass filter. For high- 


pass filter, sections’ (fig. 185) the transinission band 
reaches from -the frequency ` 71; to co, , and for 


== -0 and 
filter . „sections, this frequency . is 0 and ‘for high- 
hile for; the band-pass 
filter sections. it is finite E lies, between: », and »;. 


The figure shows  diagráinmiatieally ; the variation 


of the reactances Z; and. 4 Z,', as a function 


of the frequency for the three basic types. The cir- 
cuits of the completé branches giving: these functions 
are shown at the side. In the case of the high-pass 
filter section Z,’ is a capacity C,', and Z,’ a self- 
inductance L,’. With the band-pass filter section 
Zy is a self-inductance L,' with a condenser C,' 
in Series, and Z,’ is a self-inductance L; with a 


pha. 


"T 


E 


Fig. 18. Reactance diagrams. Reactances Zj and — 4 Zp’ for filters of the basic type as 
a function of the frequency v. a) Low-pass filter, b) High-pass filter, c) Band-pass filter. 
A filter has a passband when — 4 Z;' lies between Z7’ and the axis. The transmission . 
bands are indicated on the axis by a thicker stroke. On the left of each diagram, itis | ` : 
indicated how the reactances can be made up from self-inductances and condensers and : RU 
how they can be represented analytically as a function of the angular frequency. ns EE 
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-condenser C,’ in’ parallel, where Lj; C; = 
| So ‘that the impedance. Z; becomes infinite at the 
_ same frequency » at which the impedance Z;' 
i ao 1), * og 
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Fig. a» Attenuation constant à (real component of ‘the 
propagation constant T) in decibels expressed as a function 
. of |Z2/4 Zi for T-sections and IT sections. 


In the previous article (see e.g. p. 305, equation 9, 


. 12, 15, 23, 24, 25, 29, 30 and 31) it was shown 


‘that the image impedances and the propagation 


-. . constant could be expressed for all sections (basic - 


` types and m-transformations) in terms of Z,’ Zy 
and Z,'/4 Z,'. Now for the low-pass, high-pass and 
band-pass filter sections of the basic type Zy Zy 


has a real, positive value independent of the fre-. 


quency, which in conformity with equation (36) ` 
| - collated in Table I. In addition the requisite data 


. in the previous article is denoted by R’. If now 

Z,'/4 Z; expressed’as a function of the frequency 
` .is known for: an arbitrary filter section of* the 
basic type, then from the equations enumerated 
above the image impedances and the propagation 
constant can similarly be obtained as functions of ` 


1) If these frequencies are different, then Zy'/4 Z% will 


change its sign between v, and v5, and will therefore not : 
lie wholly between 0 and — 1. Between the frequencies | 


' at which Z,’ and Zy become zero and infinity respectively, 
there is an’ attenuation band, which interrapts the: trans- 
mission band. * ^ : 
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Fig. 20. Attenuation constant a in decibels for high values 
of |Zi/4 Zz|. For IZij4 Zol <L 6 fig. 19 is used. The table 
under the figure isa continuation of the graph for |Z 1/4 Zz|? 16. 
In the latter case the effect of 9 on a can be neglect in 
practice. 


the Bons hence also she transmission "aud 
and the frequencies with infinite attenuation) for . 


m- -transformation. 
The results obtained by this method have been 


for laying out filters are also given in Tables: IT. 


and III, on similar lines as already deduced for 
low-pass filter sections in the previous article | 


(p. 304) °). 


2 These two tables are , inserted i in dst issue of Philips techn. 
Rev. as separate sheets. The broken lines in the diagrams 
of the image impedances are. intended to show that the 
image impedance is imaginary in the corresponding 
frequency band, being positive or negative according ` 

`- as the absolute value, increases or decreases Feipeiieely 


c, with rising frequency. ^. 


EETA 


p” 


_ both the basic type and those types obtained after - : Ds 
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All expressions in Table I, with the, exception 
of the third line, apply for non-dissipative filter 
. sections (d = 
a-brief discussion was given on the effect of the 
` losses in low-pass filter sections. The same remarks 
also apply to high=pass and band-pass filter sections. 
—. The physical interpretation of. the resistance 


R = Z; Z; was in the case of low-pass filter 
sections the image impedance’ (both Zr and’ Z4) 
at the frequency » — 0, and this was in fact true 


`. for both the basic type and the results of m-trans- 


formation. With high-pass filter, sections R is the 


image impedance at the -frequency y= eo, and 


for band-pass filter sections that at the frequency 
v = v, the resonance frequency of the two branches 
Z, and Z;. This frequency v, is the mean proportion 
between the two limiting frequencies v; and v», and 
also at the same time thé mean proportion of the 
two frequencies with infinite attenuation »,,. and 
dass s B o* 

- One of these frequencies with infinite attenuation 
can be chosen arbitrarily, and then determines the 
` other frequency with infinite attenuation which lies 
in the other. attenuation band, as well as the 
parameter m. In the following section (double 
m-transforfnation) we will however encounter band- 
pass filter sections, in which the two frequencies 
with infinite attenuation can be arbitrarily chosen 
independent of each other: of : 

As in the case of the low-pass filter sections, so 
also with the high-pass and band-pass filter sections, 
‘Zp in the my,-transformation and: Z, in the 
m4-transformation are comparatively constant 
throughout the transmission band, -if m is made 
about 0.6 (see fig. 13 in the previous article). Thus 
as a rule, here also, half-sections with m equal to 
approx. 0.6 can be chosen as terminal half-sections 
_in a compound filter. 


When Z,/4 Z, has been determined for one filter . 


section, then figs. 19, 20 and 21 can be employed 
. to derive the attenuation constant a and the phase 
constant f by the method discussed in the previous 
article for low-pass filter sections. 

-= -How a T-section, a II-section and a half-section 
are derived from the full branches given, in the 
tables and how a compound filter can be built up 
from these sections require no further ehícidation 
here, in view of the full analysis already::given for 
low-pass filters. 


Double m-Transformations 


of Band-Pass Filter 
Sections ; i 


In addition to the m-transformations already 


discussed, other transformations can also be. 
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0). In the previous article (p. 302) ? 
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Fig. 21. Phase constant f (imaginary component of ‘the 


propagation constant T)-as a function of |Z1/4 Zz| for T^ and 
Ir-sections, _ ; 


- 
^ 


performed with band-pass filters, which similarly 
permit other types, ‘of filter sections to bé derived 
from the basic type; in which the limiting frequencies - | 
and one of the image impedances remain tlie same, 
while the other image impedance and the propaga- 
tion constant T are different. In certain cases these 
transformations give sections of simpler construc- 
tion, which are frequently employed for building 
up compound filters. . 
For the basic type we have found: 
Zr =jol +, : DC 
: 00 Joc 


‘On m4-transformation we get:. - 


m 


Z;— mZ/-—jmoLy + - 7 74 [M 
á ; J 9 C 


and Z, is defined such that Zp = VZ, Z VI F ZjjAZ; —'. 


remains the same as for the basic type. But if we 


multiply L;' by a positive, real number m, and divide 


C,’ by another positive, real number m,, we then 
1 DY P 2 

get i l 

ny E 


. Z=jmolLy +- ra 
jo C, 

If we now seek for a corresponding impedance Zo» 
such that Zp = Zr’, then these values of Z, and Z, l 


' represent the full branches of another filter section, 


whose Zr is the same for all frequencies as that of s+ C 
the basic type. This signifies that the limiting 


wel. 
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Tabel I 


. Bandpass filter sections _ 


..| Lowpass filter sections | Highpass filter sections 


Basic type © `°” P 2 ac oos 


Zi Z’ = R? E a 
à . . : 162 . 
Without losses | ^ M ae _-@- Ihy 
. d-0 a — xj) 
Ld i 1 = = do 


4 Z; With losses 
d 3-0 


Transmission band 
^ -1<2Z//4Z, <0 
Infinite attenuation 


Z;' [4 Z/| = co Xj, = 03 X4 = CO 
z VERY 1+ 2 mr 
p AZ, 
" "a, 0 VEL R 
x , Zn — ————M—À 
m "c V1 + Z, [4 Zo. 


Zi Ly m a’ — 1 

4Z, 42%), 1 Z;' DRE a 
= 24 Ew doa x. 1—- 

at : „a a4 4 Zy 4 . j 

B (Transmission band As basic type l As basic type ` - As basic type 

. Infinite attenuation - . n H l n 1 M i di - " m 
EG t 52 E o = . . o — — 2o ^ “lo "- 2^ "I 
Z [4 Z; = a : MEE a , Stoo pe = 1 


pu 
. xps s eal rG 
: Definitions ` v 

i x =—; 2an =z 


ELI. 
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frequencies are also’ unchanged; for on exceeding 
the limiting: frequencies, the image impedances 
change from a real to an imaginary value and 
_ vice versa. Calculation shows that this impedance 
Z, is of the form shown in fig. 22; in this figure 
the values of the components are also given. It 
can also be substituted by the equivalent circuit 
shown in Table II; Band-pass filter sections IJ. 
Usually the latter circuit will be given preference, 
since the values of the self-inductances and the 
condensers are then as a rule neither too large nor 
too small, as _might frequently happen with the 
circuit shown: in fig. 22. Yet to derive still further 
filter sections we will for the sake of simplicity 
employ the circuit shown in fig.22. ° , 

The impedance Z, can only be realised when 
m, and m; satisfy the following conditions: ` 


0<m, <1; 
0< m< l; 
X2. mMm X 
wu a en 
Xj m Xz 
The sections obtained by “double m-transforma- 
tion" are composed of the same L's and C's as the 
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Ly amply 
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Fig. 22. Full branches of a band pass filter obtained by double 
m-transformation from the basic type. L 7’, Lz’, Cy’, Co’ are the 
values of the components for the basic type, and x; and x» 
are the limiting frequencies (see Table II, column 77). 


band-pass filter sections J; obtained by simple 
m-transformation, although x = 1 is now no longer 
valid ‘for the resonance- frequencies of the two 
branches and the two frequencies with infinite 
attenuation xj, and zz, are no longer inter-related 
by the équation xj, * x4, = l. By a suitable value 
of m, and my, x;,, and x4, can be arbitrazily chosen 
independent of each other, provided a frequency 
with infinite attenuation is located in each attenu- 
, ation band. 

A double m-transformation may be performed on 
exactly the same lines on the basic type in such a 
manner that Zy remains equal to Z;' of the basic 
type. l 

In Table II:. Band-pass filter sections, IZ, the 
circuits for the full branches after double mp and 


"+ 
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‘double my transformations are given, as well as 
the values of the components. L;', C,’, L,’ and Cy’ . 


are the values of the’ elements of the basic typé 
‘(see column J,). If the limiting frequencies x; and x», 
the frequencies with infinite attenuation x,,, and x, 
and the image impedance R for the frequency x = 1 . 
are given, as is usually the case in practice, the values 
of the components can be calculated. The propaga- 
tion constant T = a + i f for these sections is 
most easily calculated by adding the propagation 
constants of two simpler types of section, which 
have still to be analysed, as indicated in Table II. 
The qualitative variation of a and f as a function 
of the frequency is similar to that found with the 
single m-transformation. : 


Special Dase of Double m-Transformation. Simpler 


Sections. 


For certain values of m, and m, the sections 
assume a simpler form; these special cases are, 
summarised in' Table III. 

The following special cases are differentiated in 
the double p enstonmalion, 


The twofold m-transfọrmation 


passes over into single m-trans- 


mı = m T 1 formation. The filter section cor- 
| responds to type . . ~~... IT, 

m, = m; = l | The fundamental type is obtained 

|In fig. 22, Cz becomes infinity, and 

m, £ l, m = l | a filter section is obtained aequi- 
` valent with type V, 

i In fig. 22, C2 becomes zero, and 

m, = l, m, l | a filter section is obtained aequi- 


valent with type . .°.... 


In fig. 22, b becomes zero, from 
‘which follows: L3 = 0, C3 = co, 
and a filter section is obtained of 


e 8 © © © 9 9 © © 3 8 5 c3 sí 


Similarly b = 0, L3 = 0 and 
C3 = co; and a filter section is 
. obtained of type. . . . . . . . 


In fig. 22, L3=0, G= = eo, L2 — 0, 


m, = I, M = — and a filter section is obtained of 
LE Xo) typée aso; o£ x9 mom e s 
£ In fig 22 L3 = 0, C3 = œ, |: 
2| C; = d a filter secti 
mM = l 2 oo, and a filter section is 


obtained of type. ....... 


The same eight special cases occur under the same 


' conditions in the double m,-transformation, for. 


which the relevant formulae and the data are also 
given in Table III. Sections after m-transforma- 
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tion are only used in the T'form and those after 


_ ma-transformation only in the II form, as otherwise 
it is not possible to connect up separate sections 


of a compound filter with equal image imped- 
ances side by side. No formulae are given in the 


.. figures for those image impedances having no direct 
bearing on such compounding, but only qualitative ` 


curves, whose irregular shape in the transmission 


band is already sufficient indication of their | 


unsuitability and of the need for avoiding them. 
For the sections of types II and V the propagation 


constant T = a + i f is best determined not by 


calculating Z,/4 Z;, but by addition of the values 
of a and fi for two simpler sections, which are given 
in the Table II and III for each section of type 
II or V. The propagation constants of the simpler 
sections are caleulated by substituting in the 
indicated formulae those values of xip and x; 
which are employed for the sections of type II 


_or, V under consideration. Thus for type II the 


sections IV, and IV, are indicated, and in order 


' to determine a for these filter sections Z,/4 Z; is 
` first calculated for the LV, section with that value 


of x, as employed in II, then deriving the cor- 
responding attenuation coefficient a from fig.19 


or 20. This is followed by the calculation of Z,/4 Z, 


for section IV, with the same value of x;,, as given 
for the type II section, again reading the cor- 
responding value of a from fig. 19 or 20, and finally 
adding the two attenuation values of a so" obtained. 


` The imaginary term f) of the propagation constant 


is derived in exactly the same way with the aid 
of fig. 21. 
-If a thorough grasp has been obtained of the 


‘theory of electrical filters outlined in this series 


of articles, the data given in Tables II and III 
and in figs. 19, 20 and 21 will be found sufficient 
for evolving any filter to meet specific requirements 
included among the usual types employed in prac- 


` tice. This may be suitably demonstrated by a specific 


example. - i a 


. Example. . . 


It is required to design a low-pass filter to meet 
the following requirements: The filter is to be used 


^in the anode circuit of a triode with an internal 


resistance. of 10000 ohms. With a constant.alter- 


nating voltage applied to the grid of the triode, the .: 
: secondary voltage of-the filter must not vary more 


than 1 decibel from a specific mean value for 
fréquencies below 900 cycles/sec (the voltage must 
therefore be maintained between 0.89 and 1.12 per 


:eént of this mean value), and for frequencies above 
- "1100 cycles/sec it must be less than 1/500 of this mean 
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value. The attenuation must therefore be. at least 
54 decibels. The losses in the coils, which it is 
proposed to use, at frequencies above 1000 cycles/ 
sec, and those of the condensers throughout the 
whole frequency sweep have such values that 
trloL = RoC = 0.02. It is further assumed 
that the losses in the coils below 1000 cycles/sec are 
exclusively due to a D.C. resistance, and are thus 
independent of the frequency. Then for v > 1000 
cycles/sec, dj = dg = 0.02; for v < 1000 cycles/sec, 
d, = 0.02 - 1000/». . 

No conditions are laid down for the frequency 
band between 900 and 1100 cycles/sec; this is 


therefore the transition range between the trans- 


mission and the attenuation bands. The limiting 
frequency v; is taken in the middle of this band, 
so that », = 1000 cycles/sec. 

Firstly, the type and number of the filter sections 
required are determined; this is followed by the 
determination of the ratings of the filter com- 
ponents. In the transmission band required (vy = 0 
to 900 cycles, ie. x < 0.9), the attenuation must 


be adequately constant. To satisfy this condition ' 
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Fig. 23. Attenuation constant a of a low-pass filter composed 


of four sections, plotted as a function of the frequency. 
i. Attenuation of. a section with x4 = ll. © ——— 

2. Attenuation of both terminal half-sections with m = 0.6 
+ (x, = 1.25), which together may be regarded as a single. 


section. 
5. Attenuation of a section with x, = 2.0. 
4. Attenuation of a half-section of the basic type. 


5. Total attenuation. . . s 
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the supplementary attenuation produced at the 
two terminals of the filter by the deviation of the 
image impedances from the terminating resistances 


_must be small. As already indicated on p. 302, this 
may be achieved by terminating the filter at both. 


ends with half-sections obtained by m-transforma- 
tion, where m = 0.6. The image impedances of 
the whole filter, which are equal to the image 


. impedances of the terminating sections, are then 
nearly constant for x < 0.9, and to a first approx- 


imation the supplementary attenuation just referred 


„to can be neglected. Since this conforms with the 
- most common practical case, the calculation of ` 
"the supplementary attenuation will be omitted 


here in order to simplify the analysis. The two half- 
sections together give the same attenuation as a 
whole section. If the attenuation of this section is 
caleulated for a number of frequencies, the 
attenuation curve 2 in fig.23 is obtained. The 
“frequency with infinite attenuation” (for which, 
as already shown in a previous article, the attenuation 


with a dissipative filter is not really infinite but has 


a maximum value) is x, = a= 1/71 — m? = 1.25. 


` For frequencies in the neighbourhood of the fre- 


quency with infinite attenuation (x — 1.25) and 
close to the limiting frequency (but x > 1), the 
value of Z,/4 Z, including into consideration the 
losses may be obtained from the expression: 


Z aœ —1 ay 
4Z, Fm 0 
«X (1— jds) (I — jde) 
E 0.5625 
1.5625 


x (1 — j 0.04) 


(At x < 1 we must insert a higher value for drs 
'viz., 0.02/x.) For the remaining frequencies (in the 


present case for x > 1.5) the effect of the losses 
in the filter components can be neglected and the 
following simplified equation found applicable to a 
sufficient degree of approximation: 


Z =l 0.5625 . 
4Z, z= ; 
T og ja m 


As an example, we calculate the attenuation 
constant of the section under consideration for 


18688 — 7 — 5931 + j: 2.76. 


~~ 144(1—j-0.04) 
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From this it’ follows: 


4 


= PERI = 5.98; 


= 2:76 5 x99 
ange, 
p= 152° 30' . 


Eso fig. 20 we then get for his fequenoy: a = 28 
decibels. 


.. We must now investigate which forms abs sections - 
can be inserted between these two half-sections in 
order to satisfy the requirements as regards attenua- `: 
tion. The lowest frequency for which a- given. 


attenuation is stipulated is x = 1-1, which is fairly 


close to the limiting frequency. To obtain adequate _ 


attenuation at this frequency a section with 
x, 


terminal sections with a = 1.25 (m = 0.6), the 
attenuation curve is deduced for this section (fig. 23; 
curve 1). It is found that both sections together 
give an attenuation of only 41'decibels at x = 1.1, 


which is thus not enough. Apart. from the con- ` 


sideration of other points, further séctions must 
therefore be added, which for x = 1.1 all add 
something to the attenuation. - We must thén: 
examine whether the attenuation of the complete 
filter is adequate at x = 1.1.7 


It follows from curves I and 2 that the attenuation 


is still too low at x > 1.5. We therefore add a section 
with x = a = 2. The choice of this value of x, 
is to some arbitrary, but with some experience in 
the construction of filters a reasonable | close 
approximation to the correct value of x, can be 
readily made. For this section we again calculate 


the attenuation curve (fig. 23, curve 3). On plotting 
the attenuation .curve for the three sections con- 


nected in series, which is equivalent to the' sum 
of the attenuations of the separate sections, it is 
observed that the attenuation above x > 2 progress- 


ively diminishes with increasing frequency. To - 
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= a = l.l must be used, since sections with ~ 
higher values of a give too low an attenuation so , 
. close to the limiting frequency. Exactly as for the 


ES 


obtain adequate attenuation for x > 3, still another ` 


section must hence be added which will give a high 
attenuation particularly at high frequencies, e.g. 
a section of the basic type. The attenuation of a 
half-section of the basic type, i.e. half the attenua- 
tion of a whole section, is found to be already 
sufficient. The attenuation of this half-section is 


. shown in curve 4 in fig. 23, while curve 5 gives 


the attenuation of the whole filter. X 


It now remains to be seen whether all conditions , 
Jaid down at the outset have been fully met. In 


t 
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the prescribed transmission band (0 < X < 0.9) 
the attenuation is between 1 and 3 decibels. The 
average is 2 decibels, and the attenuation -does 
not vary from this by more than 1 decibel. The 
requirements as regards the transmission band 


. have thus been met. In the required attenuation 


to a filter with x, 
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slightly greater and is then adequate. Above x 2 


the attenuation is indeed reduced, but this is of 


no moment since the attenuation in this frequency 
band is even then more than enough. The values 
eventually arrived at in this analysis correspond 
= a = 1.8 for this section. 


0955H 1325H < 2645H 
1591H 0,955H 
, 3 f 1700H 

17000unF 15800puF 2950uuF 

9550p | : |^" d | p 2d | B0 uuF 

a ee . Wr WF n - 9550 uuF T 
a-125 . ` antf ` ast8 ET a=125 

- ' 20057 


Fig. 24. Filter sections for a low-pass filter with a limiting frequency of 1000 cycles/sec. 


This filter satisfies the requirements set out on p. 336, if the coils and condensers have 


the ratings as stated there. 


. band (x > 1.1) the attenuation has to be 2 + 54 = 


56 decibels. We see that for x — 1.1 the attenuation 
is only 54 decibels; nevertheless this condition is 
adequately met for higher frequencies. ‘In .the 
majority of practical cases this difference of only 
2 decibels is quite permissible (being: moreover in 
a very narrow frequency range). In our case, 
however, there are several ways available for 
increasing the attenuation for x — 1.1. For instance, 
another filter section can be. added, although this 
way out of the difficulty is rather expensive; also 
at the same time attenuation in the whole attenua- 
tion range becomes much greater-than is necessary, 
and the filter becomes unnecessarily bulky and 


' costly. A usually simpler solution consists in using 


a self-inductance of somewhat better quality, i.e. 
with a slightly lower value for d; = r/w L in the 
section with a =` 1.1. As a result the attenuation 
for x, = a = l.l is made much greater. But in the 


. present case a still simpler solution can be adopted. 


For the section with x, = a = 2 the value 2 was 


. selected rather arbitrarily. If a is made 1.9 or 1.8, 


the attenuation of this section at x = 1.1 becomes 


*0955H 1325H 


2,645H 


_ 20058 ` 


Fig. 25, Low-pass filter onog of tHe filter sections given 
in d 2h "EE : 


Finally, it must be decided whether the various 
sections are to be used in the T or the JI form. 
As regards attenuation these two forms are identical, 
only in the one case more coils are required and in 


the other more condensers. In general the circuit 


with the smaller number of coils is the less costly, ` 
so that if at all possible the JI type will be preferred 
here. Since, inter alia, a half-section of the fun- 
damental type occurs, in which there is a spontane- 
ous transition from JZ sections to T sections, the 
one terminal half section will correspond to the 
m,y-transformation and the other to the m,-trans- 
formation. We thus arrive at the sequence of 
sections shown in fig. 24. The numerical values 
indicated there for the components are calculated 
by the formulae in Table II by inserting R = 10 000 
ohms, and v, = 1000 cycles/sec. If the individual 
sections are interconnected and the condensers in 
parallel are replaced by a single condenser equivalent 
to the sum of the two, and the self-inductances 
in series are also replaced by a single unit equivalent 
to the pair, then the filter shown in fig. 25 is obtained, 
which on the secondary side must be terminated 
by a resistance of 10 000 ohms. " i 

The accuracy with which the self-inductances 
and condensers are calculated and . calibrated 
must as a rule by so high that the ratings of the 
finished filter components do not differ more than 
l per cent from the theoretical values. Only for 
filters which have, to satisfy particularly severe 
requirements ‘is a higher degree of accuracy 
necessary. l 
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SYSTEMATIC X-RAY EXAMINATION. FOR THE DETECTION OF PULMONARY 
TUBERCULOSIS 


By J. G. A. VAN WEEL. 


Summary. Á description i is given of the application of Stay screening as adopted by the 

medical welfare section of N.V. Philips for the detection of pulmonary tuberculosis. 

Examinations are made on all new entrants to the Works, the whole of the permanent - 
` staff, school-children and the families ‘of patients suffering from pulmonary tuberculosis. 


Introduction 


The applications of X-rays in medical practice 


, have steadily gained in importance during the last 
few decades, their progressive utilisation being due . 


to the simultaneous development of théory and 
practice in two outstanding directions. Firstly, 
there has been the marked technological advance 
made in the construction of apparatus having a 
much greater range of application and affording 
both the patient and the radiologist better pro- 
tection against the injurious action of. the rays *) 
than hitherto. The other development is the recog- 
nition of the fact that in cértain circumstances 
diagnosis cannot be based solely on the findings 
of ordinary clinical examination, and radiological 


` examination is necessary to ‘supplement clinical 


diagnosis. The omission to avail oneself of the 
advantages of a radiological examination is in many 
instances due to a lack of appreciation of its 
potentialities and value. 
The aim of the radiological methods as an aid 
in diagnosis is to render visible the internal organs 
of the human body, either by radiography or by 
screening. Such examination can be based on either 
a natural contrast, (e.g. in pulmonary diagnosis) 


or on an artificial contrast as produced for the 


stomach, intestines and kidneys when using barium 
or other substance which has a marked absorption 
for X-rays. 

A very important. field of X-ray diagnosis lies 


in the examination of the thoracic cavity. Owing 


to the contained air the lungs produce a natural 


' contrast with respect to surrounding organs, such ` 


as the heart and vascular System, and it is just 
this characteristic which can be ‘used to advantage 
in the investigation of one of the most common 


1) It should be noted in this connection that modern X-ray 
tubes, such as the Metalix, have been so thoroughly 
screened that no radiation is obtained outside the actual 
X-ray beam. It must not, however, be concluded from this 
that the radiologist is exposed to no danger at all provided 
he remains outside the beam, for although the primary 
beam has been adequately cut off the patient disperses 
rays which as a rule are of such intensity that in most 
cases additional precautions must be taken. 


diseases of the thoracic SR viz., pulmonary 
tuberculosis. 

It may be recalled that X-ray examination was 
originally employed to obtain.a closer insight into 
the processes developing in the tubercular lung. 
At’ the present time it is also used for the active 
detection of tuberculosis. Pulmonary tuberculosis . 
frequently develops without the patient at the 
outset complaining of any symptoms, and these 
cases of “unsuspected”? tuberculosis can only be 
detected by systematic X-ray examination. :. 

It would lead us too far to discuss fully all the 
advantages and disadvantages of the two methods 
employed for this. purpose, viz., screening and 
radiography, and only the more important charac- 
teristics will be referred to. ; ' * 

The high cost of making radiogéaphs-i is ; still che 
principal obstacle in the way of-the general appli- ` 


cation of radiography for thesé investigations. 


Screening owing to.its simple procedure and low 
cost is however eminently suitable for this purpose. 
One drawback of this method is that certain 
tubercular foci may escape- detection. It would of 
course be far better if both methods could be 
applied simultaneously in all caes, but the high 
cost of radiography precludes this. The marked. 


technical advances made have opened up a large 


field of application for screening, and large groups 


of persons can now be examined by screening almost 
at any place (offices, factories, schools, barracks, . 
etc.), mainly owing to the construction of'simple 
and portable screening equipment. P 

In a large industrial undertaking with a jas 
staff, the active detection of tuberculosis among 
the employees enables early treatment to be given 
to those infected. Healthy persons, moreover, 
benefit by the reduced danger of infection when 
established cases of active tuberculosis are located ` 
in their early stages and given timely treatment. 

À brief description is given here of the systematic 
X-ray examinations for the diagnosis of tuber- 
culosis which are carried out in connection with 


the staff of the Philips Works at Eindhoven. 


RATT TREE” 


` A) New Employees. 


- Table I. 
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Procedure and Results 


To combat resolutely the spread of pulmonary 
tuberculosis it is essential that every single 
individual is submitted to a proper examination; 
since tuberculosis is an infectious disease its origin 
must be sought among all persons (family, depend- 
ents, colleagues, apprentices, etc.) which have come 
in contact with an infected case. A more or less 
isolated group of individuals in fact offers an 
excellent opportunity for the intensive fighting of 
tuberculosis. 

. At the beginning of 1932 the wedal sud welfare 
services of N.V. Philips’ Gloeilampenfabrieken 
commenced the systematic screening of all applicants 


for employment, and proposed the gradual extension , 


during subsequent years of this examination to the 
whole staff of employees. The school children in 
the Philips schools had also to be included in this 
systematic investigation, followed by the families 
of patients. 

. The various groups submitted to — MÀ X-ray 


examination were: 


A) New employees: 
B) Existing staff. 
C) The schoolchildren. 


.D) Employees’ families. 


In addition to the ordinary 
medical examination, all new employees (above 
the age of 14 years) were submitted to screening. 
On the detection of any pathological abnormality 
this examination was supplemented by an examin- 
ation of the blood, radiography, etc. Unsuitable and. 
rejected applicants were reported to their own 
doctors or to the competent medical institution. 

The results of this examination | are given in 


"Table I?). 


Incidence: of Tuberculosis -among New Employees. 


Active Doubtful 
Open | Latent active 

Females . . .'. 1 9j, . 
MOX: 3. | 12 9j, ' 


B) Existing Staff. Yn general all employees on 
engagement are submitted to a medical examin- 
ation; subsequently to April, 1932, this examination 
was also supplemented by screening. It was, how- 
ever, found that persons who originally exhibited 


2) Compiled by J. G. A. van Weel, Thesis, Utrecht, 1935. 
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no foci on X-ray examination later developed a . 


diseased condition of the lungs, thus indicating the 
extreme importance of periodical X-ray examination: 
It thus becomes necessary to examine all members 
of the existing staff by screening at regular imreryals 


` of, say, one to two years. 


Persons showing pathological abnormalities in 
these routine examinations are submitted to closer 
examination; viz., general medical examination, 
blood tests and if necessary sputum tests, tuberculin 
reaction, and radiography. The examination shows 
whether the patient requires treatment (surgical, 
rest, hospital or sanatorium treatment) or merely 
observation (repeated blood tests and radio- 
logical examination) under favourable conditions 
of employment. 

The family doctor is sent reports of these 
examination; a summary of the results achieved is 
given in Table II. 


Table Il. Incidence of Tuberculosis among Existing Staff 


Doubtful 
active 


Active 
| Latent 


Open 


PPP 


Non-tubercular changes in the thoracic cavity, 
i.e. of the heart , vascular system, etc., were found 
to total 4 per cent in all cases examined in groups 
A) and B). ` 

Table ITI shows the results obtained by system- 
atic screening of all new applicants for employment; 
employees (approx. 10 000) engaged before April 1, 
1932, were not screened during their initial ex- 
amination, but all applicants subsequently engaged 
(approx. 5 000) were submitted to radiological — 
examination. ` 


Table HI. Reduction in the number of tuberculosis cases. 
among permanent staff since the introduction of radiological 
examination on April 1, 1932. 


Doubtful Active 


C). Schoolchildren.’ Originally all children in Philips - 
schools were screened once a year, but for practical . 
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. reasons this periodical examination has now been 


limited to.those children which give. a positive. 


reaction in the. tuberculin test (Moro ointment). 
This reduces the number of children coming up 
for examination to about !/, to !/, of the total. 

Results of these examinations were as follows: 


Of 1246 children. of the Philips schools who were 


screened 1.2 per cent had active and 2.7 per cent 


doubtfully active symptoms. The former class thus ` 


required treatment and the latter careful obser- 


, vation. 


D) Examination .of Families. "For the effective 
.suppression of tuberculosis it is absolutely imper- 
ative to examine in addition to.the patients all 
those persons coming in daily contact with them, 
either in their own homes or at works (apprentices, 
etc.), viz., the socalled “contacts”. 

For the periodical examination of these contacts 


the medical department of N.V. Philips has organised 


a consultative section for tuberculosis sufferers 
which works in collaboration with the local medical 
institution at Eindhoven. Ei 

The functions of the Philips consultative section 
include the examination of the following groups: 


1.) Persons who report of their own accord com- 
plaining of symptoms, or who require examin- 
ation as a precautionary measure (marriage) 
or those suspecting infection (open tuber- 
culosis in the neighbourhood). 

2.) Persons sent by their own physician owing to 
the detection of a lung disease. 

3.) Persons sent by other employers to ensure that 
they are not suffering from an infectious lung 
disease (e.g. domestic employees). 

4.) Contacts with all cases of active (open and 

-latent tuberculosis) and with doubtfully active 
_ cases enumerated under 4, B, C and D 1), 
2) and 3). n 
The importance and necessity for treating or 
` keeping under observation all contacts with tuber- 


cular patients is indicated by the fact that among ` 


contacts with patients suffering from active tuber- 
culosis (open and latent) six times as many infec- 
‘tions of all kinds were found than among the rest 
of the community, while among contacts with 
doubtfully active cases there were twice as many 
infected cases. 


The ratio of tbe number of cases sctabliched by 


the active . diagnosis of tuberculosis (systematie 
_ radiological examination of all members of the 
staff and their contacts) to the number of passive 
cases (sent by the patient's family physician or 


patient reporting of.his own accord) is shown by 


E 
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the proportion Ske cases passing through the consult- 
ative section which have been detected by each 
of the two methods. The relevant data are given 
in Table IV, which. indicates that nearly ‘three- 
quarters of all cases were detected as a result of | 


+ 
direct examination. 


TableIV. Distribution of cases according to method of detection 


. Direct Indirect ~ 


Active Open 


tuberculosis Latent 


Doubtfully active 


Total 


The great value of submitting large groups of 
persons to systematic radiological examination is 


shown by Table V, where the cases detected by | 


radioscopy are compared with the number of cases 


diagnosed by family physicians and by the ex- 


amination of contacts. 


Table V. "Value of Group Radioscopy f for the detection of 
tuberculosis. 
nme Family physicians 
‘Screening | and examination 
à contacts 
. Active `` Open 36%, .- 64 fo 
tuberculosis Latent 2179]. , 46 fy 


Doubtfully active 
tuberculosis 


It.may be concluded from this table that without 
routine screening of large groups.of persons more 
than a third of the infections cases (open cases) 
would have remained undetected. Moreover, routine 
screening on these. comprehensive lines reveals the 
greater part of the doubtfully active cases; this is 
particularly important since it is just these cases 
which provide the later active and open cases 3 of 


Table VI. Decrease in number of days of sick leave as a result 


of anti-tuberculosis measures. 


Average number of days of 
. sick leave?) 


Year 


3) Calculated per head and per annum wth a maximum of 


“375 sd of. sick leave per head (including Sundays). . / 


HU 


E 


" 


current of approx. 
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infection. By the periodical supervision of these 
cases the formation of unknown foci of infection 
can thus be, to a large extent, prevented. 

It is interesting to note that during the 


. periodical repetition of radiological examinations 


over a large mass of people the ‘number, of new 
cases detected gradually diminishes since all old 


, 
m 
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cases are already’ known and the families where 


‘the greatest danger of infection and spread of thé 


disease obtains -are kept under constant super-. 


' vision’ by the consultative officials. 


In conclusion Table VI gives data covering the. 
period 1932° to 1935 which show the reduction 
in the average number of days of sick leave. 


“THE PHILIPS TWIN CURRENT WELDING UNIT 


By H. A. W. KLINKHAMER. 


Summary. A description of a'unit for arc welding with direct current and alternating : 
current is given. The transformer which feeds the rectifier during D.C. welding is used 


as a welding transformer during A.C. welding. 


Introduction 

Since some 5 years ago Philips first employed 
their hot-cathode valves in direct-current welding 
units .the welding rectifier has continued to 
justify its place in welding practice. In these 
five years the ‘wealth of practical experience 
gathered both in our own works and in other 
works has enhanced the reputation of this new 
unit, and a wide field of application has been 
developed i in which the welding rectifier has shown 
itself as particularly apt and efficient. 

These applications include: 

A) The welding of thin sheets from 0.02 to 0.1 
inch thick, for which alternating current 
is not very suitable; thicker sheets also can be 
welded with. direct current more quickly, 


. easier and better than with alternating current: 


especially if the direct current is furnished 
:. by a welding rectifier. 


B) Difficult welding work, such as vertical and. 


overhead seams; direct current is the much 
more preferable for this purpose than alter- 
nating current. 

Cy The welding of special metals, such as rustless 
steels, aluminium, and bronze. Aluminium 
cannot in fact he welded at all with alternating 
current. EM 

For the welding jobs included under A) dient 

10 to 80 A‘is required; 

for B) and. C) current intensities of up to 140 A 

are frequently needed and welding made un to 0. 15 


- inch in thickness used. 


"Thé applications of the welding rectifier are - 
however not by any means limited to the above 


jobs for it can be used to advantage in all cases 


where a welding transformer is suitable. According 


.to a large number of practical users work with the 


welding réctifier is more convenient and agreeable, 
and hence over long periods much more rapid. 
This is however to some extent purely a matter of 
individual taste, while the nature of the welding 
job also is a determining factor. l 
The welding reċtifier competes with the welding 
transformer and the rotary converter. In the 
above enumeration under A), B) and C) of the 
specific fields of application of the welding rec- 
tifier, we had a comparison with the welding trans- | 
former particularly in mind. The jobs referred to 
can as a rule also be performed with direct current 
furnished by a rotary converter, but compared with - 
the latter, the ‘welding rectifier offers the im-. 
portant advantages of lower: first cost and lower 
weight. i 
The speed with which: a welding "unit adapts 
its voltage | to the rapidly fluctuating’ voltage of 
the arc is a point ; of paramount importance. -Without 
entering into this question in great detail it may 


be recalled that during welding there is a continuous 


sequence _ of striking .and' re-striking of’ the ‘are. 


. To, strike thé are the point of the welding rod is 


brought ‘into -  brief- contact with ‘the. workpiece, 


"which causes a powerful current to be built up, 


and is then removed from the surface again when 
the arc is struck. The length of the arc and hence 
also the minimum voltage for maintaining the arc 
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increase rapidly during this operation. There is 
now a race between the minimum arc voltage and 
the voltage output of the unit. If the voltage of 
the latter lags behind the are breaks down and must 
be struck afresh. But with every collapse of the arc 
there is the danger of a weak spot being produced 
in the welded seam, so that it is absolutely essential 
to keep the voltage output of the supply unit 
continuously matched to the arc voltage. 

It is just in this respect that the welding rectifier 
shows to better advantage than the welding con- 
verter. The unidirectional voltage furnished by 
the welding converter is in fact proportional to 
the field about the poles of the welding dynamo. 
This field cannot alter its magnitude abruptly, 
since any alteration in the field produces currents 
in the exciter winding and in certain circumstances 
also in the solid poles and yoke. which counteract 
a change in field. In the welding rectifier no similar 
lag is naturally found since no exciter winding is 
used. 

There are various types of welding dynamo in 
which this lag is to a large extent eliminated by 
adopting a suitable circuit and appropriate lamina- 
tion of the yoke and poles. But by these modi- 
fications in construction the cost of the converter 
is increased. although it can nevertheless never 
be made entirely comparable in efficiency with the 
welding rectifier. 

The rapidity with which the voltage of the weld- 
ing rectifier recovers after a short-circuit may 
be gathered from the oscillogram in fig. 1, which 
shows the variation in voltage when in a type 1306 
Philips welding rectifier, the short-circuit current 
in the highest setting of the regulator is inter- 
rupted by a high-speed switch. It is seen that the 
time required for completely re-establishing the 
open-circuit voltage is less than 0.002 sec. An 


k—3 0,0017 sec. 


| 
| 


2002! 
Fig. 1. Voltage oscillogram for Philips welding rectifier, 
type 1306, 
current with a high-speed switch. 


when suddenly interrupting the short-circuit 
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accurate time scale is here provided by the waves 
of the voltage oscillogram, and since four-phase 
rectification is employed each wave corresponds 
to 0.005 sec. 


20020 


Fig. 2. Voltage and current oscillograms for the same operation 
as in fig. 1 but registered at a slower film speed. 


Fig. 2 


same operation, except that here the speed of the 


reproduces a second oscillogram of the 


film, i.e. the time scale, is about five times smaller. 
The top curve represents the welding voltage, and 
the lower curve the welding current. 


Philips Twin-Current Welding Unit 


The special applications of the welding rectifier 
enumerated under A), B) and C) include only work 
which can be performed with comparatively low 
currents. At higher currents the welding rectifier 
frequently does not show to such good advantage 
as the welding transformer, and usually one of 
the latter type can be used quite satisfactorily. 

Now a welding rectifier includes, in addition to 
the valves, also a transformer which is less ef- 
ficiently loaded than as in normal circumstances. 
It thus seemed reasonable to adapt this trans- 
former also for welding with high-intensity alter- 
nating current, especially as this would permit a 
considerable increase in the application of the 
equipment without entailing much extra cost. 

These considerations led to the development 
of the twin-current welding unit, which can 
be used as a welding rectifier for lower currents 


and as a welding transformer for higher currents. 


Circuit Layout of the Twin-Current Welding Unit 


The unit is run off a three-phase mains supply. 
It is equipped with a switch, in one extreme 
position of which the unit operates as a welding 
rectifier and in the other extreme position as a 
welding transformer, while in the middle position 


840 


the output terminals are dead and all circuits. 
are disconnected from the supply. . 


The unit contains two single-phase leakage 


. transformers, whose leakage resistances can be 
simultaneously altered by adjusting a magnetic 
leakage regulator. This permits continuous vari- 
ation of the welding current between wide limits. 

If the switch is moved into the D.C. welding 
position, the primaries of the transformers are 
interconnected to a T-circuit, and they transform 
the three-phase mains current into low-voltage 
four-phase current which is then rectified by the 
thermionic valves. 

In the A.C. position of the switch one vals of 
the three-phase mains supply is off circuit. The 
two single-phase transformers are then intercon- 
nected in parallel across the two other poles; 
the four secondary coils, which in the rectifier 
circuit constitute the arms of the four-phase 
star connection, are then interconnected in parallel 
and each carries one fourth of the welding current. 

Fig. 3 shows a simplified circuit for: the D.C. 
position of the switch. The points U,.V and W 
are connected to the phases of the three-phase 


network.and H is connected to K. The windings: 


are dimensioned to give the vector diagram shown 


H. f W 
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Fig. “3, General, circuit layout for D.C. welding with _the 
Philips twin-current welding. unit. 
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in fig. 5a, and the K—R section of the winding 
remains dead. The secondary windings form a 
symmetrical four-phase star connection, whose 
neutral point is connected to the negative output 
terminal. The positive output terminal is connected 
to the centre of the heating windings, which sur- 
round the primary coils and whose voltage is there- , 
fore independent of the load. 

On changing over to A.C. welding, the simplified 
circuit shown in fig. 4 is obtained.. The points 
H and K of the primary winding are now no longer 
interconnected; but U and R are linked to each . 
other, as well as W and V, and these terminals 
are connected to the delta voltage of the three- 


_phase mains supply, so that the fields of the two 


transformers are in phase with each other and 
no longer have a displacement of 90 deg. as in the 
previous case (seefig.56). The left hand terminati- 
ons of the four secondary windings are connected 
with one output terminal, and the right hand ter- 
minations with the other terminal. In this position 
of the change-over switch the, D.C. windings are 
open-circuited, so that no D.C. power is unneces- 
sarily wasted during welding with A.C. As indicated. 
in the circuit diagram, the secondary windings 


U P H i w 


Re K . 
EE 20024 


Fig. 4. General circuit layout for A.C. welding with, the ` 
Philips twin-current welding units ` -- `’ z 
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in ‘this circuit^ lass been lengthened by several 
supplementary windings, such -that the ‘open- 
‘circuit voltage is raised to the value required for 


" y. 


Fig. 5. a) Diagram of connections of primary windings when 
. using the welding unit as a welding rectifier. 


b) Diagram of circuits when using the welding unit as a 


single-phase transformer. 


A.C. welding. These supplementary windings are 
_ wound above the primary coil, thus making the 
leakage resistance just equal to the value at which 
the unit furnishes alternating current at 300 A 
in the extreme outer position of the leakage 
regulator. This: maximum value of 300 A was 
selected out of consideration of the practical need 
of obtaining efficient welding with sheathed: welding 
rods 0.3 inch thick. l 


The primary winding is alic provided with a. 


number of taps not shown in the diagram, these 


permitting the unit to be connected to three- 


phases supplies of other voltages, e.g. 220 and 
380 ‘volts or 190 and 220 volts. Changing over 
from one voltage to the other is done by read- 


justing four small clips on a terminal board located 


under the cover. 


TWIN CURRENT WELDING UNIT 


841 


Construction of the Transformers and the Regulator. 


The use of.leakage transformers in heavy- 
current technology introduces a number of dif- 
ficulties which are the greater the larger the trahs- - 
former used. If, for instance, an ordinary leakage 
transformer rated for several 10 kVA is enclosed ` 
in an iron housing, the powerful leakage field 
surrounding the transformer will’ induce eddy 
currents in the magnetic material of the housing, 
framework and constructional elements, these 


: - eddy currents being the direct cause of losses, 


overheating und humming of the iron structure. 
It therefore becomes necessary to make the frame- 
work and housing from expensive. non-magnetic 
material, a: method which has been adopted by 
various constructors of welding transformers using 
brass for the framework and wood for the housing. 

A different. method was adopted in the twin- 
current welding unit. Instead of making the 
transformers: of the core-type as commonly 
adopted for units of this rating, the shell-type 
construction was favoured, although a little more | 
material is perhaps entailed ‘in this design of trans- 


former. With this design the leakage field does not 


indeed constitute .a source of disturbance, as may 
be seen from figs. 6 and 7. 

Fig. 6 is a diagrammatic sketch of a leakage 
transformer of the core type, while fig. 7 shows ` 
the same transformer of the, shell type. Between 
the primary coil I and the secondary coil II is the 
magnetic shunt C, which in the core-type unit 
is of one piece and in the shell-type is in two 
pieces. To alter the leakage resistance it is sufficient 
to insert the shunt to a greater or less depth in the 
aperture, so that regulation is obtained by dis- 
placement perpendicular to the plane of thé paper. 

When the transformer is on load, then neglecting: 
the magnetising current the ampere-turns on the 
primary coil are equal to those on the secondary. 
The two coils thus give the. same magnetic field 
intensity; the direction of this intensity at a 
particular moment is shown by arrows in the 
figure. In fig. 6 this produces a positive magnetic 
potential in the whole of the upper yoke B and a 
negative magnetic potential in the lower yoke 4. 
The magnetic field strength at any surrounding 
point, e.g. at the point P, which is compounded 
of a component from each A and B, is readily seen 
to be of the same order of maguikade a as the com- 
ponents themselves. . ' 

In fig. 7, however, the part B of the middle limb 
between the coils is separated from the surround- ` 
ings by the shell A which may be regarded as a 
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Fig. 6. Leakage transformer, core type. 


magnetic short-cireuiting ring. In this way the 
whole of the surroundings are completely screened 
from magnetic’ effects which me emanate, from 
the transformer: 

This does not, ‘however, entirely ery to ‘points 


outside the "plane. of the .paper; nevertheless it is- 


definite that the ‘leakage field: ir the’ design shown 
in fig. 7 is concentrated to a ‘greater extent towards 
the interior of the transformer than in the design 
shown in fig. 6. The difficulties with the core-type 
transfórmer mentioned above are not experienced 
with the shell-type, so that the frame and housing 
of the latter can without any apprehension be made 
of iron. 


9 Nevertheless the core-type transformer with its 


powerful external leakage field could not be used 


here for an entirely different reason: In an experi- 


ment using two core transformers in the circuit 
shown in fig. 3 it was found that on load one 


: rectifying valve carried almost double the current 


passing through the other valve, although the open- 
circuit voltages and the short-circuit currents were 
the same. The valves had exchanged their functions 
when the phase sequence of the mains supply was 
reversed. Although the currents could be balanced 


.by increasing: the ‘distance between the trans- 


formers, this way out of the difficulty was naturally 


‘out of the question in a welding ‘unit. 


The cause of this behaviour is to be sought in the 


.mütual influence of the transformers produced , 


by their leakage fields, as a result of which trans- 
former. T, generates a supplementary voltage 
—- jkI, in the secondary winding of T; and T, a 
supplementary voltage — jkI, in^ the secondary 


winding of T. Here.k is a coefficient of mutual 
‘induction. If each transformer. has. a leakage 


resistance jx and carries of load of-resistance R, 


Vol. .1, No. ıl 
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Fig. 7. Leakage transformer, shell type. 


and V, and V, are the open-circuit. voltages, then 
the equations for the two circuits are found to be: 
V, = jxl, + RI, + jk, 
Ve = july + RI, + jk,» 
If the first equation. is multiplied by j and is then 
subtracted from the second. equations 1 then' since . 


"rs =.jV, we get: 


LO REE—k 
L 7 Reje+k 

ie. I, Æ jl, for k #0, in other words we get an 
asymmetrical three-phase load when the trans- 
formers influence each other through their leakage 
fields. On short circuit (R. — 0), although the cur- 
rents are equal, the' phase difference is yet not 
equal to 90 deg. With the shell-type transformer k 
was found to be so small that the valve currents - 
were practically’ equal, -also when the unit. was on 
load. f PN 
If the secondary circuits are not kept separate 
as in the above example, but are coupled together 
on the D.C. side of the valves, this factor can be , 
taken into consideration by assuming that one 
transformer carries a load R, and the other a 
load R, where R,I, = R,/I,. Calculation is then 
not so simple but gives the same qualitative result. 

The shell type of transformer also offers ad- 
vantages as regards the construction of the regulat- 
ing device. To make a movable magnetic shunt is | 
never'a simple. matter, since powerful magnetic 
forces. have to be taken into consideration. Thus 
with an air gap with an induction B, "the force 
acting on the contiguous iron surfaces'is B^/25000 
gr per sq. cm, i.e. approx. 600kg per sq. dm with 
an induction of 12000 gauss. With a mains fre- 
quency of 50 cycles this force fluctuates 100 times: 
per second between zero. and its maximum yalue. 
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Owing to the elastic response of the structure a 
loud hum is then very quickly produced, part- 
icularly where the whole structure does not con- 
stitute a rigid unit, and the magnetic shunt has 
to be made to slide along the guide bars. 

Although in the design shown in figs. 6 and 7 
the magnetic forces which act on the shunt regulator 
have indeed been compensated theoretically, yet 
high unbalanced magnetic forces immediately 
make their appearance in service owing to small 
discrepancies in erection, such as a slight twist 
of the regulator about its axis perpendicular to the 
plane of the paper. 

The whole construction has therefore to be made 
extremely rigid. Heavy guide bars must be used 
whose supports in their turn must be very rigidly 
connected to the transformer. 

In order not to make the unit excessively costly, 
another method was adopted which although 
suitable for the shell type was not applicable to 
the core type of transformer: it consisted of clamp- 


the 


against the middle core. During service they then 


ing shunt cores after adjustment firmly 
form a rigid aggregate with the middle core, so 
that the magnetic forces acting between the shunt 
cores and the middle core produce no displacement 
and hence also no hum is heard. 


To illustrate this the section a—a in fig. 7 is 


Ds LU 
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Fig. 8. Leakage transformer with 
(section through a—a in fig. 7). 


locking-type regulator 
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shown in fig. 8. The middle cores are denoted by B, 
the outer cores by A, and the hatching indicates 
the direction of the laminations. The two shunt 
cores L, are made up of sheets packed on a brass 
rod with the same thickness, and so combined to 
form a rigid bar. The two shunts L, are constructed 
on similar lines. To adjust the welding current 
these bars are displaced longitudinally and then 
clamped against the middle core by a bolt whose 
axis is indicated by bb in the figure. 


The Twin-Current Welding Units, Types 1306 and 
1307 


Two types of welding units have been built to 
date on the principles outlined above, viz., 1306 


(fig. 9) for high outputs and 1307 (fig. 10) for low 


Fig. 9. Twin-current welding unit, type 1306. The lever 
change-over switch serves for changing over from alternating 
to direct current. The current intensity is regulated by means 
of the upper handwheel; the magnetic shunt cores are clamped 
against the middle core by menas of the side handwheel. 


outputs. The welding current can be regulated 
between the following limits: 


Type 1306: Direct current 25—140 A. 
Alternating current 60—300 A. 
Type 1307: Direct current 10— 80 A. 


Alternating current 30—175 A. 
The D.C. range of type 1306 is suitable for the 


duties enumerated under A) above, viz., on sheets 
of 0.04 inch thick upwards, also for the work 
given under B and C using welding rods up to 
0.15 inch thick. With alternating current welding 
rods up to 0.25 inch thick can be employed with 
this unit. 

In type 1307 the D.C. range will permit welding 
on sheets from 0.02 inch thick upwards, as well 
as the use of welding rods up to 0.1 inch thick. 
With alternating cuirent welding rods up to 0.15 
to 0.2 inch thick can be used with this unit. 
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Type 1306 


The type 1306 welding unit is shown in fig. 9. 
It is of rainproof design and mounted on two wheels 
with solid rubber tyres; fan cooling is provided. 
The housing is in the form of a cylindrical wind 
tunnel in which the two transformers are mounted 
one behind the othe: and behind the two type 


Fig. 10. Twin-current unit, Type 1307. The side lever serves 
for adjusting the current, while changing over from alter- 
nating to direct current is performed by means of the switch B 
on the cover. The clamping arrangement is operated by means 
of the crank A. 


1069 valves; the latter are fixed side by side in a 
light frame held in a spring suspension. Then fol- 
lows the fan which forces out the hot air through 
louvres on the pusher bar side. On the side of the 
housing is a semi-cylindrical cover under which 
the change-over switch is situated, whose top, 
middle and bottom positions correspond to alter- 
nating current, “off”, and direct current. 

The handwheel on the top side serves for ad- 
justing the welding current; through a vertical 
shaft and gearwheel and rod it controls the mag- 
netic shunts which can be displaced in the axial 
direction of the cylindrical housing. A pointer is 
attached to the handwheel to indicate the welding 
current on a scale. 

The handwheel at the side of the housing operates 
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the clamping arrangement; on a complete revolution 
the shunt cores are clamped tight against the middle 
core. 
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Fig. 11. Current-voltage characteristics of the twin-current 
welding unit, Type 1306. 
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Fig. 12. Curves for the efficiency, power factor and power 
consumption of the twin-current welding unit, type 1306, 
used as welding rectifier for an arc voltage of 25 volts. 
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` To inspect the. interior. the..carrying. ring is 
screwed off, the. handwheel - detached, . the . clips 


at the side opened and the upper part of the housing 
which i is hinged to the lower half is tilted upwards. . 


. Fig: 11 shows the static volt-ampere charac- 
teristics of the unit in the two extreme positions 
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Fig. 13. Curves for the efficiency, power factor and power 


consumption of the twin-current welding unit, type 1306, 
used as welding transformer with an arc voltage varying from 
25 to 30 volts along the broken line in fig. 11. Where a reduc- 
tion in mains current consumption is desired, the power 
factor can be improved with the aid of a condenser. 
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of the regulator; curves I and II are those. for the 
A.C. circuit and curves III and IV those for the 
D.C. circuit. Fig. 12 gives å few D.C. curves and 
fig. 13 the corresponding curves for A.C! _ 

‘Where it is desirable to reduce the power con- 
sumption from the mains, the power factor can be 
improved by means cf a condenser. > 


Type 1307 


& view of the type 1307 welding unit is shown ` 
in fig. 10. This type is splashproof . and. can: -be car- 
ried short distances by means of-the handleg. It is 


` not provided. with a ‘fan ‘but is designed: for.natural 


air. cooling. ‘The’ construction "of -the transfórmers 
and the regulator i is exactly the same as in the 1306 
type, - except that the shiint regulator is not con- 
trolléd- "by means “of a ‘gearwhicel but by, two forked 
levers. "These. ‘levers. are piyoted | on. ‘the level of 
the base where’ they ` "are ‘attached to.a horizontal 
shaft. The. ‘shaft’ can be “timed from the’ outside 
through ; about’ 50 deg by means ‘of a lever; which 
is shown in the figure | at the ‘front of the unit. The 


; crank A on the cover of theunit actuates the clamp- 


ing arrangéiert, “and : P rank, B, operates the 


. are mouiited" bove the transformers 
The characteristics and. the curves, fi ini 


and Į power factor | are ver imila 1 to those for type 
d ue E > 
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ABSTRACTS OF-RECENT SCIENTIFIC PUBLICATIONS OF THE 
N.V. PHILIPS GLOEILAMPENFABRIEKEN 


No. 1098: ` H. van der Tuuk: Moderne Rónt- 
id er gentechniek (Ned. T. Natuurk. 3, 129 
T ` ` to 140, May, 1936). ` 


This paper surveys the principal stages in the 
development of X-ray: technology during recent 
decades. The requirements are set out which X-ray 
tubes for diagnosis and therapy have to fulfil. 


No. 1099: F. M. Penning De beweging van 


electronen in een homogeen electrisch , 


en homogeen magnetisch veld (Ned. 
T. Natuurk. 3, 141 to 154, May, 1936). 


The sitios discusses the equations of motion of. 


an electron under the action of a homogeneous 
electrical and a homogeneous magnetic field. If 
two long plates parallel to each other are employed 
as cathode and anode, then at a minimum angle 9 
between the magnetic field and thése plates part 
of the electrons deflected by the magnetic field 
will not return to thé cathóde. For a number of 

* special cases this angle g is calculated from the 
magnetic field strength, the electrical field strength 
andthe components of the velocity of emergence. 
The results are applied to gas discharges at a very 
low pressure in a magnetic field. 


J.-L. Snoek: Action of. ari alter- 
nating magnetic field on disks made 
of magnetic steel (Physica, 3, 361 to 
370, June, 1936). 


. The author has observed that small disks of 
magnetic steel ‘rotated in an alternating magnetic 
field situated ‘parallel to the plane of the plates 
are subject to an accelerating moment even if the 
initial velocities are extremely small, until finally 
their revolution synchronises with the 50-cycle 
alternating field. This lability phenomenon is due 
` -to ferro- -magnetic hysteresis and only occurs when 
amplitude. of thè magnetic field strength is of the 
same order of magnitude as the coercivity. The 


No. 1100: 


` equations deduced are confirmed quantitatively. . 


The lability also- continues to occur at 500 eyele: 


No. 1101: Balth. van der Pol: On potential 


_and wave functions in n dimensions 


"(Physica 3, 385 to 392, June, 1936). 


` Analogous to the derivation of the wave equation 
in n dimensions from one in n + 1 dimensions, 


\ 
ZR 
' E _ by making the latter independent of one of the 
À 4 TE 


‘is displaced considerably towards the red, the. 


dimensions concerned (“méthode de descente" of 
Hadamard), the same ‘solutions can also be ar- 
rived at by means of problems in n — 1 dimensions 
(“méthode de montée"). This gives a simple method 
for deriving the classical Whittaker potential 
and wave functions in .three dimensions in a 
generalised form and at the same time constitutes 
an extension of these functions to n dimensions. 
The integral expressions so derived also cover the . 
Hankel functions and spherical functions of the - 
second degree. - i 


Balth. van der Pol: A generaliza- 
tion of Maxwells definition of solid. 
harmonics to waves in n dimensions 


(Physica 3, 393-397, June, 1936). 


No. 1102: 


‘A solution of the potential equation in three 
dimensions derived by Maxwell with the aid of 
spherical functions is generalised for n dimensions 
and'also for the wave equation, by the derivation: 
of analogous solutions containing Bessel and =. 
Gegenbauer functions. ` i 


No. 1103: J; F. H. Custers and J. H. de Boer: 
- Die-Lichtabsorption des absorbierten: . 
Paranitrophenols (Physica 3, 407 to- 
417, June, 1936). 


As already demonstrated for the adsorption of 
paranitrophenol by CaF, adsorption at a BaF, 
surface also takes place in’ two different layers. 
The molecules of the lower layer. are linked elec- P 
trostatically with their OH dipoles to the fluorine 
ions of the surface. They have an absorption spectrum `` 
which compared to that of pure paranitrophenol 


displacement, being greater with BaF, than with 
CaF,. The molecules of the upper layer are linked 

to the molecules of the lower layer by Van der 
Waals’s adsorption forces. The absorption 
spectrum has also undergone slight modification ` 
and shows a displacement towards the red, which e 


' diminishes as the concentration at the surface rises. . | 


No. 1104: J. L. Snoek: Magnetic and electrical" 
. properties of the binary systems 
MO.Fe,0; (Physica, 3, 463. to 483, 


_ June, 1936). 


The — and electrical properties of the- 
binary ‘systems -MO. Fe,0,- composed of ferric - 
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oxide with ferrous, manganese, cupric, nickel or 


magnesium oxide are investigated. In addition 


to the two existant methods. for distinguishing a 


homogeneous phase from a two-phase system a 
third method is also employed in which the demag- 
netising factor is derived from the socalled ideal 
cufve: Ini this way it is possible to detect quite 


edsily the presence of extremely small admixtures 


of a second nonmagnetic component. If as a result 


of the energy differences being too small segregation’ 


takes place very slowly, this method is of marked 


| value (nickel and magnesium ferrite). Clóse to the 


' Curiepoint (manganese ferrite) the’ deductions to 
be’ drawn from the measurements made are not 
conclusive, so that the method cannot be used 


in these cases. The results obtained coincide with . 


those deduced from radiographs. 


No. 1105: W. Elenbaas: Ubergang der lamin- 


aren in turbulente Konvektions-Stró- 


mung im  Hochdruckentladungsrohr 
(Physica 3, 484 to 490, June, 1936). 


If the pressure of the diameter of a high-pressure 
mercury discharge exceeds a certain value, the dis- 
charge becomes unstable. It is observed that convec- 


tion flow which is initially streamline then becomes, 
turbulent. With diameters exceeding 10 mm, the 
amount of mercury per cm of tube length at which: 


instability occurs, expressed as a function of the 
cross-section, conforms with the laws of similitude 
for turbulence. The Reynolds 's number calcu- 
lated herefrom is of the order of 1000, which 
‘indicates that the phenomenon is is in fact caused by 
turbulent « convection flow. 


A. A. Kruithof and F. M. Penning: 


No: 1106:^ 
^ V * Determination’ of the Townsend 


ionisation coefficient a for pure Argon” 


(Physica 3, 515 to 533, June, 1936). > 


For determining the Townsend ionisation 
coefficient a new apparatus has. been evolved 
which can. be evacuated. at a high temperature 
and on which exterior to the tube an arrangement 
has been fitted for displacing the cathode. The 
ionisation coefficient a of pure argon was deter- 


mined for values of the quotient of the electrical, 


field strength in volts per cm and the gas pressure 
in mm of mercury (reduced to 0 C°) between 5 and 
400 volts per cm per mm. For mall values of this 


' quotient the values obtained wére about 500 times 


smaller than stated by Ayres. 


F. M. Penning: - Verzögerungen bei 
der Zündung von gasgefüllten Photo- - 


| No. 1107: 


an "PUBLICATIONS | 341 


- zellen im: Dunkeln (Physica 3, 563 to | 


1968, June, 1936). 


In certain gasfilled photo-electric cells, spon- 
taneous discharge in the dark only takes place 
with a specific lag depending on the voltage em- 
ployed. Very weak illumination reduces this 


delay considerably. Owing to- the thermal emission 


of. the cathode a current flows through the cell 
already at voltages which are under the starting: 
voltage. This current has a specific discontinuous 
characteristic which may be ascribed to the window 
of the cell acting as a third electrode with a powerful 
secondary emission. If the previous’ discharge is 
given due consideration, it is found that the dura- 
tion of the lag diminishes with increasing tempera- 
ture of the photo-electric cell. ' 


No. 1108: | E. J. W. Verwey and J. H. de Boer: 


= Molecular energy of alkali halides. 


(Rec. Trav. chim. Pays-Bas 55, 431 ' 


to 442, June, 1936). 


The lattice energies of the alkali halides and ilios 
dissociation energies of the halide molecules: into. 
ions are recalculated, the values of Mayer de 


Helmholtz being corrected by the subsequent... . 


more accurate estimation of the Van der Waals 
and London forces given by Mayer. The elec-. 


tron affinities are then found to be: F- 92. 2; C1. 
83.0; Br- 77.2, and I7 69.9 kg. cals. The dissociation. - 
energies of the molecules which are deduced from , 


lattice and sublimation energies are compared with 
various values deduced from molecular models 


(Preis, Born and Heisenberg). In place of the ^ 


law of powers the exponential law is employed for 
the repulsion in calculating the dissociation energy, 
consideration also being given to the polarisation 
energy. If the six immediately surrounding ions 


are alone taken into consideration calculation is 


much simplified and very little difference is found 


: in the results. In the case of molecules with nuclear - 


distances smaller than 2 À considerable deviations: 
are found from the exponential law of repulsion. 
The calculated proportions of the polarisation 
energy in the linkage are as expected several kgóals 
too high, assuming homogeneous fields and constant 
polarisability. . 


No. 1109: J.H. dà ne and E. J. W. Tor 
i Energy and structure of the molecules , 
-of the alkaline earth oxides. (Rec. 
- Trav. chim. Pays-Bas 55, 443 to 150, 


June, 1936). 


With the aid of Born and Mayer’s exponen- 
tial law of repulsion,.the lattice energies of the 


* c di 


. 948 


. omena. 


. oxides BéO, MgO,.CaO "aid BaO:have been recal- 


culated. The electron affinity of oxygen (O—0-7)  : 


"was thus found to be —173. kgeals-per gramatom. 
As for the alkali halides the molecular energies 
were also calculated for these oxides. The values 
obtained . for ionic molecules are considerably 
Jess- than‘ those calculated from the lattice and 
sublimation. energies, which indicates that the 
homopolar linkage has a marked effect'on the com- 


bination energy. It follows from.other consider-. - 


ations that the oxides of the alkaline earths al- 


though they undoubtedly form ionic lattices - 


have a predominating homopolar valency in the 
vapour state and then form atomic molécules. 


No. 1110: 
J. D. Fast: The a - f transition with 
mechanically-treated and with un- 
treated zirconium (Rec. Trav. chim. 


Pays-Bas, 55, 450 to 458, June, 1936). 


In 1926 Zwikker observed a transition stage 


with zirconium ‘wires - betweén ‘temperatures of- 


1100 and 1400? C; later investigations’ showed 


that there was a- sharp transition’ ?temiperature. 


' In the: ‘present paper it is shown that the ill-defined 
. character of the a- f. transition in the earlier 
' investigations was due to the heating of the 
material in different stages of working: The transi- 
tión temperature was 865 -+ 10°C. The total 


dai radiation ‘of f zirconium is proportional tod. 


No. 1111: J. H. de Boer and’ J. D. iub The 
i influence of oxygen and nitrogen on 
the a - B transition of zirconium (Rec. 


Trav. chim. Pays-Bas, 55, 459 to 467, 
1936). 


‘In zirconium two or more` atoms per cent of 
: oxygen „and nitrogen can be homogeneously ab- 
“sorbed. The transition from hexagonal a zirconium 
-to the regular f modification does not then, however, 
take ‘place at a well-defined transition temperature 


of 865 4-.10 ° C., but throughout a wide transition. 


range. The transition commences at 10 atoms per 
cent of oxygen at a temperature of 910 ? C. and 
is not yet completed at 1550? C. A low-oxygen 
B-phase i i$ in this range always in equilibrium with 
_ a high-oxygen a-phase. The resistance of a specific 
. test-bar was fowrid to be free from hysteresis 
| phenomena and to depend ‘only on the temperature. 
If the zirconium’ absorbs oxygen and nitkogen at 
the same time, the résistance 'as'a function ‘of 
_the temperature exhibits definite hysteresis phen- 
The resistance ‘curves ` are practically 
' unaffected by the addition of ahiminium. d 
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| JzA: M. van Liempt: Die: Dampf- 
" drücke des Bariums (Rec. Trav. chim. 
-- . Pays-Bas, 55, 468 to 470, June 1936). 


From the careful vapour-pressure measurements 


carried out by Rudberg and Lampert on barium 


between 500 and 750 ? C., the author has calculated 
the ‘sublimation pressure | ‘and the sublimation 


„velocity as a function of the temperature, using 


the formulae previously derived by him in another 
paper (No. 1051). Employing a formula also from 
a previous paper (No. 1068), the velocity of vapor- 
isation in an 1 inactive gas can now also be calculated. 


E. J. W. Verwey and J. H. de Boer: 
... Cation arrangement in a few oxides 
hee with crystal structures of the spinel 
: type (Rec. Trav. chim. Pays-Bas, 55, 
531 to 540, June, 1936). 


No. ‘Vins: 


On the basis of the differences in character of 
the cations and in their arrangement over the 
crystal lattice, it.is possible to account for the ` 
good conductivity for electrons possessed by Fe40, 
and the absence'of such conductivity in Co,0, and: 
Mn,0,. ` From ' radiographic measurements ‘it is 


concluded that Fe,0,° consists of divalent and 


trivalent ions and Co,0, and Mn,Q, of divalent 
and tetravalent ións. The lattice of Fe,0, is an 
abnormal: spinel type in which prébably all Fet+ 
together with half the Fett+ are distributed. 
statistically over mutually-equivalent crystallo- 
graphic lattice points. Co,0, and Mn4O, have a 

normal spinel lattice: Co'’Co,"O and Mn''Mnj!O,. - 
The Mn,O, prepared as described by Dubois is 
y-Mn4O,. Its face-centred tetragonal cell may be 
regarded as a deformed elemetary cell of y-Fé,0; 
type. Contrary to Mn,0, it contains only trivalent ' 
cations, similar to Fei 


E. J. W. Nein»: De electrolytische 
dubbellaag van kolloiden, in het bijzon- 
` der van AgI, metalen en kool y (Chem. 
WbL, 33, 414 to 420, June, 1936). ` 


In ihis report of a paper read, several fundamental 
problems i in the theory of thé electrical double layer . 
are discussed, viz:, those relating to the structure 
of the inner and outer surfaces of the double layer, 
their production, and- the- -part played therein by, . 


‘differences in the contact potentials in the boundary 


layer. The examples discussed include the negatively 
charged dialysed. AgI sol, the electro-kinetic 


behaviour of rare metals in water, and the behaviour | 


-of positive and negative carbon suspensions. ` 
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HOW CAN ONE JUDGE THE EFFICIENCY OF ROAD LIGHTING ? 
By [3 HOLST oa P. J. BOUMA. m E . 


Summary. To determine the efficiency of xoad lighting equipment neither a knowledge 
of the illumination intensity nor information of the brightness distribution on the highway 
is sufficient in itself. It is necessary to carry out in addition visibility measurements 


directly on the highway in question. Following a discussion of the fundamental principles 


which a visibility meter has to satisfy, a simple type of instrument is described. The 
results of measurements for different existing lighting equipments are given and discussed. 


Introduction 


. In a number of previous articles!) we have 
discussed various characteristics of the eye which 
throw light on the mechanism of perception. of 
objects on a highway and indicate the factors 
which affect the ability of perception either favour- 
ably or adversely. In addition, these data bring 
out the general principles governing the aes of 
lighting equipment. ~  , : : 
Our knowledge of the mechanism of vision has 
by no means advanced to such a stage that from 
' the ‘characteristics ‘of the eye we can without 
further ado evolve the ideal method of illumination 
- for a particular case. In the first place, we frequently 
do not know to what extent the various factors 
entailed, such as the visual acuity, contrast sensi- 
tivity, etc., contribute to visual perception, and 
moreover in every system of road lighting there 
are various associated factors (such as the bright- 
ness conditions of the surroundings, alterations in 


the reflecting powers of the road, as a result of ° 


wear and moisture), whose effect on the ability of 
perception it is difficult to estimate. 

Both to extend our practical knowledge as well 
as to permit expression of the intrinsic value of 
a specific lighting system in practice, it is therefore 
extremely desirable to be able to make a reliable 
evaluation of the efficiency of a lighting equipment 
already in service and if at all possible to express 
its characteristics numerically: 

It must be clearly emphasised that to do this 
measurements made on the highway itself are 
absolutely padiapeneable, for only by performing 


1) Philips techni; Rev. 1, 102, 142, 166, 215, 225, 1936. 


such a survey can all factors which determine 
perception on the highway be included in ‘the 
results of measurement. Measurements made on 
reduced scale models of an equipment or a study 
of photographs and films of the illuminated high- 


way are usually quite inadequate for this purpose. 


Mèasmiement of the Intensity of Illumination : 


' What measurements must be conducted on the 
highway in order to arrive at useful and reliable 
values expressing the quality or efficiency of the 
lighting equipment ? bb 

In the past, illumination surveys were frequently 
limited to a measurement of the horizontal and 
vertical illumination, i.e. to a measurement of the 
amount of light, incident on different areas of the 
road surface and on different vertical surfaces. It 
is evident that „such illumination measurements 
really give no information as to how well the eye 
can perceive objects. What interests us is by no 
means thé quantity of light falling on various road 
areas or on the objects on the highway which we 


‘have to perceive, but rather the quantity of 


light which the different parts of the road and the 
objects radiate in the direction of our eyes and 
which is utilised for visual perception. In, other 
words: It is less a question of the intensity of 
illumination of the highway as of the brightness. 
If two different roads are equipped with the.same 
type of lamps, the results obtained can yet differ 
considerably, if one road surface has entirely 
different properties of reflection than the other 
(e.g. is darker or has a' greater specular reflection); 
although the intensities of illumination are the 
same, the distribution of brightness is different. 


ve 
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Measurement of Brightness 


We can thus judge the quality of the illumination 
much better by measuring the brightness values 
instead of the intensity of illumination on the 
highway. i 

A practical difficulty is encountered in that the 
requisite measurements are very tedious. For while 
the intensity of illumination at a specific point 
on the road can be obtained by a single measure- 
ment, the brightness of the same area of surface 


is different in different direĉtions, i.e. it depends, 


on the location of the observer. To make a complete 
survey of the brightness conditions it therefore 


becomes necessary not only to move our measuring 


instrument in succession to all parts of the road 
surface, but the observer himself has also to take 
up various positions. 

A serious disadvantage of a more fundamental 
character is that a determination of the brightness 
distribution over the roadway does not yet give 
the necessary answer to the question as to how 
well we can see on the highway. There are several 
reasons for this. 

In the first place, perception is not determined 
exclusively by the brightness values of the road- 
way and of the objects located on it, but may also 
depend e.g. on the presence, of sources of „glare: 
Brightness measurements alone therefore do not 
afford an adequate basis for judging the lighting., 
At the same time they provide certain 'data in a 
not- readily usuable form, for it is difficult, if not 
impossible, to deduce from the distribution of 
brightness the efficiency of vision on the highway. 


It is indeed possible to determine from brightness | 


+ 


measurements, for instance, whether the highway 


has any bright and dark spots or not, but it is not 
easy to estimate the effect of this irregularity on 
the facility of perception. 


Measurement of Visual Performances 


It is seen that nothing else remains but to conduct 
experiments on the highway of the visibility of the 
objects on it. 

If a number of different objects are “placed at 
different points on a highway and it is estimated 
at what distance they are still perceptible or 
recognisable a true idea is obtained of the visibility 
of such objects on the highway, although the 
measurements themselves are very cumbersome, 
tedious and frequently dangerous. It is: "therefore. 
important to investigate whether these éxperimentg 
can be facilitated by means of an optical instrument. 

-In designing such aw instrument, the fundamental 


requirement must not 7 {oat sight of that in obaër- 
vations withit the eye must function under exactly 
the same conditions as when perception is performed 
with the naked eye. If there is any divergence from 
this equivalence, we still measure the performances 
of the eye, yet it will be functioning under con- 
ditions which do not occur in practice. 

_ Practically every measurement of visual perform- 
ance is baséd on determining a “threshold value”, 
ie. a determination of the conditions under which 
the eye can still just perceive a particular object. The 
first question which arises is therefore: How can 


. we create the conditions’ "required for determining 


the requisite threshold value? ; 

The most direct way appears to be to reduce 
the brightness of the whole field of vision — e.g. 
by placing light- absorbing glasses in front of the 
eyes — to such a value that a test object on the 


"highway becemes invisible, and to take the 


magnitude of this brightness reduction as a 
measure of the visibility of the object in question. 
An instrument?) extensively used in America 


functions on this principle, but it is apparent that 


this method does „not .satisfy. the fundamental 
requirement stated above, for in using the instru- 
ment the eye is functioning under conditions — in 


this case at brightness values — which never 


occur in practice on the highway concerned. This 


divergence can im maty cases readily result in: 


an entirely false evaluation of the quality of the 
lighting system. The greatest danger of this is 
incurred when the, method is employed to compare 
the illumination values produced by different types 
of light sources. Ás has already been discussed in 
detail 3), the brightness level is a factor of para- 
mount importance in making such comparisons: 
A system of lighting which: proves efficient at the 
brightness levels oceurring on the highway may 
prove less favourable than another method of 


. lighting at low brightness values. The“ effect of 


glare on perception in general also does not remain 
the same if the brightness of the highway surface 


and of the source of glare are reduced by the. 


same factor. 
A better method for determining the dreita 


values i is offered by making the test object variable 


or by selecting the still just visible’ test object 


out of a group of these objects. Since setting up a 


group of test objects.on a ‘roadway i is a very cumber- 
some and time-wasting procedure, an apparatus has 
been devised i in which a lens throws an image of 


2) The, “visibility meter” of Luckiesh (J. Frank. Inst., 220, 
431, 1935). 


3) Philips. techn. ‘Hev: 1, 166, 1936. SC 


he 


Vol. 1, No. 12 


. 


th 
4e 


we oc 00,  Fig.1l "Philips Visibility Meter", A objective and C lens, TN which the spots I 


with progressively increasing transmission coefficients are observed against the road 


surfacé 'as i o 
P 
ya a » ae. = s 


the road on to a dide in bu of the eyepiece, 


and in which the test-objects are also located. . 


Construccion of the “Philips Visibility’ Meter". , 


` Fig. 1 shows the construction of an apparatus' 


designed by us on this principle. The objective A 
projects an image of the highway surface on the 
: plane B-B, in which a glass disc D pivoted about 
the axis E-E is mounted. On the dise there 
are 50 small numbered circular spots F with diffe- 
‘rent transmission coefficients which have been 
prepared by "photographic means. "These spots are 
i viewed together with the image of the roadway 

E through the lens C. Directing the instrument 


* 


towards the area of road under investigation “and 


turning the disc D, the spot which is still just - 


perceptible against the highway as background can 
be determined. 

. In the practical design of this apparatus the 
fundamental requirement stated was to a large 
intent satisfied, viz., that the eye when. using the 
instrument should function under exactly the same 
conditions as in normal vision. The following points 


.are important in this. respect: . 
$é s 


1) On a highway objects deadly always appear’ 


dark against the background of the surface; 


the same contrast is found with the test objects. 


2) To avoid sources: of glare, "which ; affect, per- 


ception to a marked extent, from being 


E 


: " l3 " + nr i-i 
) - : S ~, 
" 


‘soreened off during observation, the field of 
vision has ‘been’ made very large. That’ this 
7 ‘réduces the definition at the edges of the i image: 


ib 
.is of secondary importance.” : i 


3) „The angles of vision between different objects Hs 


in the field of view, "for instance ‘between an 
‘object being perceived and a source of glare, : 
must not be altered by the instrument. This 
has been achieved by adopting the same focal ’ 
length for 4 and C, as a result of which the 
whole optical system hasa magnification o ofl:1. 
4) The angular dimensions of the test "objects. 
must be of the same order of magnitude as - 
the, obstructions present on the roadway. In’ 


the apparatus described the spots subtend an `. : 
which is equivalent: to SN 


angle of about’ 35’, 

_ the’ angle subtended by a pedestrian seen at 

` a distance of about 150 yards. : — :- 

3) The contrasts between the test objéct and he 

"i background must. be comparable to those 
actually occurring on a highway. ii 

Fig. 2 illustrates: the calibration of óne of the 

glass plates used. Along the abscissa the numbers 

of the spots , N are. plotted, and along this ordinate 

the contrast K’) which. the spot exhibits against 


1): Thé contrast between two brightness values is defined as: ; 


Ko Maximum brightness — minimum brightness _ 
an maximum brightness. 
A spot with the transmission coefficient ‘p “thus produces” 
a-contrast of K = 1 — p. ' > 


e. 
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thé road surface as background. The contrasts lie . 


between 80 per cent (an object with a reflecting 
power one fifth of that of the road) and 2 per cent 


(a contrast just still perceptible under the most 


favourable conditions). 


Results of Measurements ‘ 


The values measured naturally differ for different ' 


areas of the road surface (irregularity in brightness 


‘distribution, variable effect of glare, etc.). If we . 


determine the highest and the lowest values for 
a particular highway, we shall in fact already 
. obtain a fairly reliable picture of the efficiency of 


, the lighting, at any rate a better idea than would. 


be got by a complete survey of the illumination 
intensities or the brightness distribution. 

Table I gives the results of some measurements 
` carried, out on existing lighting. systems. 


Table 1 


Just perceptible 


Type of : .contrast 


Place Lighting 


Installed - 


1 [Eindhoven 


0.20 | 0.14 

2: Cheltenham 0.15 
3 |Vught 0.10 
0.15 


4 |Croydon 5) 


- $'Vught [Blended light?) 6.3 018 - 
6 |London . Mercury 10.5 0.34 
795 0.89" 


8 |Eindhoven_ 
9 


Glow lamps - 


LE 


0.40 


0.54 
0.28 


Gas lamps . 
11 [London $» 
» With glare 


source . 


0.34 


` The following points are of interest in connection 
with these measurements: 

The.results 1 - 4 obtained on different intu 
illuminated by sodium are in surprisingly good 
agreement, while those obtained for: the three 

v roadways. lighted with - mercury (5 - 7) .differ 


` considerably from each other, the reason for which. 


is.immediately apparent; In the lighting system at 
Vught provision is. made by using socalled con- 


centrated reflectors so that the lamps radiate no 


5) See photograph on: P. 312 i in the Octóber issue of Philips . 


techn. Rev. 


D We call--blended light a mixture of- mercury bd and 
glow lamps. . 
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Fig. 2. The contrast K of the spots numbered from 1 to 46 
against their background. * s 


light at an angle close to the horizontal, while 
such concentration is not employed in the other 
systems (distributing or dispersive reflectors). The 
marked difference between 5, 6 and 7 is therefore 
mainly due,to glare resulting from the pronounced 


radiation of light in an almost horizontal direction. 


Examples 8 and 9 relate to the best and the 
worst of a number of lighted roadways equipped 


f with ordinary electric lamps in the vicinity of 


Eindhoven, while examples 10 and 11 refer to an 
inefficient and a satisfactory gas lighting equipment. 
respectively. 

. Example 4a applies to the same equipment ; as 4, 
but measurements were made at a moment when . 


.a motor vehicle with headlights on appeared in 
' the field of vision at a distance of approx. 200 yards. 


Tt is seen that glare has had a pronounced adverse 


. effect on visibility. 


The best visibility, values ; are obviously obtained 
with sodium and mercury lighting systems. dos 5) 
if. thé sources are screened from direct exposure 


' to the eye; it should be noted how this result has 


been achieved with a low. current consumption in - 


kilowatts per kilometer. 


The general observation should be noted that 
the illumination, is inadequate for fast traffic when 
contrasts of approx. 25 per, cent. can no longer be 


perceived | over greater parts of the road surface. 


The requirements as regards fast traffic are there- 


` fore only fully met by lighting equipments 1-5. 


(where: example 4a demonstrates how necessary it’ 


‘becomes to traverse such well-lighted roadways with 


screened héadlights), while the best glow lamp | 
and gas lighting systems (8 and 11) lie just at 
the d E "E Mes Ft 


DECEMBER 1936 


aa Be "B53 


THE USE OF LOADING Cons my TELEPHONY 


I a . © UBy W. 


Summary. The attention effects and distortions obtained in a telephone cable can. be 
appreciably reduced by theinsertion of induction coils (termed Pupin or loading coils) 


SIX, uus s. | EM 
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in the line at regular intervals. In this article it is shown on the basis of the theory of `. i 
coil-loaded conductors that the iron cores of the loading coils have to possess the following Tag Ee 


characteristics: High permeability, low hysteresis, and high stability. By a combined 
rolling and heat-treatment process it has been possible to produce nickel-iron strip which 


adequately satisfies these requirements. 


In telephone circuits the sound waves are con- 


. verted by the microphone into electric waves. 


at 


"s with extremely divergent amplitudes. Satisfactory 


which are transmitted by conductors and then 
re- -converted into sound waves by the telephone 
receiver. 


The sound waves —ÜÁ by the human, voice ` 


are composed of vibrations of various frequencies 


transmission is only realised when the sound waves 


generated by. the telephone receivér contain the 


different frequencies in the same mutual ratios 
of intensity as the ‘sound waves picked up by the 
microphone. On the other hand, the ear is fairly 


"jnsensitive to alterations in the phase of. the + 


individual vibrations. Ín a telephone circuit ` con- 
sisting of microphone, conductor and receiver, 


each of these three components affects transmission 


in some way or other. In the present article atten- : 
tion will be limited to thé conductors alone. For- 
tunately the human ear is capable of detecting - 
the originating sound; even in’ a highly-distorted 
sound complex. On a marked change in the ratios 
of the amplitudes, the tone is however altered; 


- thus the voice sounds drummy when high- frequency © 


vibrations have a lower amplitude than low- > 


. frequency vibrations. Yet if the higher frequencies 


become too attenuated, there will eventually 
remain only a heavy hum and speech will become 
quite unintelligible. 

` As will be shown in greater detail later, the. at- 
tenuation of the line or conductor causes a reduction- 


in the amplitude of a sinusoidal electric vibration’ 


`- traversing the line. The attenuation increases with 


the frequency. Moreover, the velocity of propagation ` 
is smaller for higher frequencies than for lower 
frequencies, with the net result that in the trans- 
mission of'compound vibrations along the line the 


composition of these vibrations will vary with the 


attenuation and the alteration in phase. This 
phenomenon proved a serious obstacle i in the early ` 
days of telephony to the setting. up of efficient - 
telephone channels. 


H 


In addition to its electrical resistance, a telephone 
line, whether in the form" of a buriéd cable or an 
overhead line, also possesses capacity, self-induction 


and leakance. A ‘conductor of this type. can' be 


simulated ` by a network with series impedances 
composed of resistance and self-induction and with 


parallel reactances composed of capacity ‘and : 
leakance. 
` In Sis: 1 Hae sahetititio slicing of a unit length ee 
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Fig. 1. Substitution diagram. for a,unit. T ofa oie 


a) Effect of resistance and self-induction on: | the voltages 


in the cable. ? 5 % 
b) Effect of leakance and capacity on the currents. 


of cable is shown diagrammatically. From a study. 
of this diagram the following differential equations, : 


and the vol- 
tage v vary with the longitudinal co- -ordinate 5 of 
the cable, can be. derived: " 


which 'state, how the current i 


Ov ði ee ' 
(91. -aiyid Ee 
“OU: "Qv 
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where R is the: resistance, L the self-induction, C ` 
"the capacity’ aud^G the leakance-per km of cable. 
.To solve these equations.the voltages and cur- ` 


rents assumed to be sinusoidal are expressed as 
complex functions‘of the time: ^. ~- B5 


‘= Ieiet’ 5» uoo; 
y= yeiet 


We can then write the above differential equations 
as follows: i 
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These equations are satisfied by: ' 
rane, 
I= hen, 


where I, and V, are the current and voltage: at the 
‘input of the line and: 


T= V(R+joL)(G+joC)=a+ jp - (3) 
T is termed the propagation constant and is com- 
. pounded of a real component d, the attenuation 
constant,. and an` imaginary component jf, 


the phase constant. Voltage and current along 
the line are expressed by the following: 


jot 7 „—latjp)l p jot 
v= Voet = V, eT tB elt 


p V, E (t—f io) © ss 
NN eq aes (t—f Yo) a (4) 


It follows from this form of expression that the 
voltage and the current are propagated along the 
i line in the form of attenuated or damped travelling 
waves. The attenuation is determined by. a. The 
velocity of propagation is: 


E Qo 
. p | 

If the real parts on both sides of equation (3) 

; are equated to each other, as well as the imaginary 

“parts, we get: 


a Vu Gra D (Ea 5-34, (Ro? LC) 


p= Jh Y Ge aT) (7965) (ROLE). 

Lack of knowledge of the theory of propagation 
of electric vibrations along conductors, which has 
been briefly outlined above, was responsible for 
the initial failure to arrive at reliable and efficient 
. telephone channels. ‘It was indeed rapidly realised 
. tHat the attenuation increased with the resistance 
and the capacity, although at the same time it 


2. was generally assumed that the principal require- 


' ment was to keep the self-induction of the line as 
low as possible. | 

In 1887 Heaviside doni the theory of 
propagation of electrical vibrations along conduc- 
tors, and at the same time showed that the com- 


paratively complex formulae for the propagation 
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constant became much simplified i in ihe special case 


of LG = RC. Then a = VRG and f = ol LC. 
The velocity of propagation S in this case becomes: 


" 1 


S = 


B ^ yrC 
In a conductor satisfying this condition both the, 
attenuation and the velocity of propagation are 


. thus independent of the frequency, in other words 


a vibration compounded of a variety of frequencies 
can also be transmitted along the line without any 
distortion whatsoever being created. Although the 
train of waves is damped here also, yet the form 
of the train remains unchanged. The line is then 
said to be distortionless or non-distorting. — 
Since in normal types of cable RC is always 
considerably greater than LG, the question arises 
how the condition LG = RC can:be satisfied. 
It is possible, firstly, to make R or C smaller, and 
indeed it is known that the attenuation in low- 
capacity overhead lines is considerably smaller 
than that of cables and that also by increasing 
the cross-section of the conductor, i.e. by reducing 
the resistance, the attenuation can be diminished. 
But all possibilities in this direction have already 
been exhausted within commercial limits. - 
Secondly, it would appear possible to arrive at 
distortionless lines by increasing G or L. Increasing 
G does indeed result in making the attenuation 
the same for all frequencies, but also produces an 


increase, while by increasing L the attenuation 
“can be reduced. 


It was not till 1899 that Prof. M. I. Pupin 
gave a practical solution of the problem of providing 
telephone lines possessing a low distortion. He - 
proposed. the insertion 6f choke coils in the lines 
at regular intervals for the purpose of increasing 
the self-induction of the line. Pupin demonstrated 
that the expressions for the propagation constant 
of cables with a uniformly distributed self-induc- 
tion are still valid when the self-inductions are 
concentrated at regular intervals, provided the 
distances of the coils are small compared with 
the wave-length. He calculated that the ratio of 
the ` attenuation of a line with concentrated 
self-inductions to the attenuation of an equivalent 
line with uniformly distributed self-inductions was 
as !/, B,: sin 4/, B,, when f, is the phase displace- 
ment of the wave between two consecutive coils. 
For small values of f, i.e. where: the distance 
between two coils is small compared with the wave - 
length, a is roughly equal to a’. If 1/, f, is much 
greater than sin !/, f, then also a will be much 


$ 
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greater than a’. It is therefore nécessary to make 
the distance between consecutive coils such that also 
at the highest frequency to be transmitted a suffi- 


cient number of coils per wavelength are present. f 


The first cables equipped with Pupin or loading 
coils were laid at the beginning of this century. 
These coils were composed of an annular core made 
of thin steel wire which was surrounded by.a 
toroidal winding of copper wire. The toroidal 


. form was intentionally selected to keep the external 
-fields of the coil as small as possible, in order to 


prevent the coils, of which large numbers were 


accommodated in large i iron tanks, from influencing 


each. other. 

Since that time the laboratories of the various 
telephone . manufacturers have been studying in 
great detail the core material for these coils. The 
result of,this work has been not only a marked 
reduction in the dimensions of the coils, but also 
à considerable improvement in their characteristics. 


n 


Copper and Iron Losses 


We shall first study the principal characteristics 


which must be possessed by loading coils. . 


The copper and iron losses in loading coils 


naturally increase the attenuation of the line and 
it is therefore desirable to keep them small as 


compared with the natural resistance: of the line. 
The copper losses may be traced back to the ohmic 
resistance of the winding, which can be kept small 
by choosing a material for the core with the maxi- 


mum ‘permeability. These’ losses can, however, 


always be reduced by increasing the dimensions 
of the coil. í 
The iron losses can be T E under three 


` heads: the eddy-current losses, the hysteresis losses 


and the losses due to magnetic viscosity. 

_ The eddy-current losses are due to the production 
of eddy currents in the core; they are proportional 
to the square of the frequency and to B2, if B, 
represents the amplitude of induction in the core. 
As is well known these losses can be reduced by 
subdividing the core; this subdivision is continued 


until the losses at the maximum frequency to be. 


transmitted can be neglected as compared with 
the losses due to’ the ohmic resistance. 
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it is found that. the resistance representing the 

eddy-current loss is independent of the current, | 
while the hysteresis-loss resistance increases in : 
proportion to the amplitude of the current. 

' As shown in another connection 2), a resistance _ 
dependent on the current results in non-linear 
distortion, so from this point of view it is important 
to make the hysteresis-loss resistance as small as ~ 
possible. For this reason the induction By must not 

be made too high. i : 

Since B, is proportional to the: permeability 
of the material, the hysteresis and eddy-current _ 
losses limit the permissible permeability. This is in -~ 
contradiction with the requirements stated above 
as regards the copper losses, so that a compromise DU 
must be achieved. * 

We have also referred to the lossés due to mág- 
netic viscosity. Ás already indicated the eddy-cur- 
rent loss resistance is proportional to the square 
of the frequency, while the hysteresis-loss resistance 
is proportional to the first power of the frequencies 
and the current. Investigation of the iron losses at ` 
different frequencies and currents and resulting 
extrapolation for zero frequency and zero current’ 


demonstrates however that there is still another ' 


loss resistance. Jordan ?). 
phenomenon the magnetic after effect of viscosity; 
it is independent of the current and proportional 
to the frequency. It is however Small compared , 
with the other losses and can therefore be neglected x 


in’ this analysis. 


Stability 


* 


When the first loading coils had been. in use for - 
a few years it was discovered that the self-induction 


. of many coils had undergone a considerable change. 


The hysteresis, losses are proportional to the , 


frequency and, for small current amplitudes, also 
proportional to Bj) The eddy-current and 
hysteresis losses ‘can be expressed in the form 


‘of a loss resistance, multiplied by the square of 


the current intensity. If we put the induction B, 
proportional to the amplitude of the current, 


The cause of this was found to be dué to an alteration 
in the permeability of the core material by mag- 
netisation with direct current. This magnetisation 
was the result of abnormally high currents oc- 
casionally induced in the telephone lines by lightning 
or the power conductors of electric railways, etc. 
The change in "selicinduekon. on. Rupe 


1) On wenk magnetisation with alternating current, the. 
following type of relationship is found between the 
induction B and the field strength H: B=p H + v (H?—Hy) 
where Ho is the amplitude of the field strength and. the 
algebraical sign is negative or positive. according as the 
field strength decreases or increases. The loss in energy 
per period is given by the surface F of this: “curve and is 
found to be: g : 

" 2.8 * 


-2) Philips techn. Rev. 1, 140, 1936 (in the article dealing 


` ‘with the sound recorder of the Philips-Miller system). 


9 H. Jordan, E.N.T. 1, 7, 1924. 


Aou 


has termed ‘this |. 
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by passing a direct current of 1 A through the line 
was taken henceforth as a measure for the stability. 
In the first loading coils this change might amount 
to as much as 30 per cent, while in modern loading 
coils the stability has been raised to less than 
1 per cent. 

As already stated the cores in the first loading 
coils were made of thin steel wire. A marked im- 
provement was made in 1916 by the introduction 
of the compound core. 

These cores were made of iron powder which 
had been compressed under a high pressure with 
an insulating material. By using powdered iron 
the path of the lines of force through the core is 
subdivided; this subdivision thus acts similarly 
to an air gap, except that in the compound cores 
this gap is spread uniformly over the whole 
length of the lines of force, whereby symmetry is 
retained and the stray field remains small. 
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Fig. 2. Magnetisation curves of nickel-iron strip for loading 
coils. 


A) Magnetic field perpendicular to the direction of rolling. 
B) Magnetic field parallel to the direction of rolling. 


Owing to the air gap the induction at constant 
field strength is reduced. If A in fig. 2 represents 
the magnetisation curve of the original material, 
the curve for the compound core is found to be 


Fig. 3. Loading coil. 


a) Ready for fitting. 
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less steep, roughly as shown by B. This second 
curve has a much greater stability and smaller 
hysteresis losses. 

Since that time progressive improvements have 
been made on the material used for coil cores. 
Better characteristics were sought in different 
directions, e.g. by modifying the shape of the metal 
particles and in the choice of insulating medium. 
Efforts were also made to obtain directional 
orientation of the metal particles by applying a 
magnetic field to them during the pressing process; 
but the principal work was directed towards the 
use of metallic alloys with a high initial permeability 
and low hysteresis losses. The best known alloys 
employed for this purpose are the nickel-iron 
alloys, such as Permalloy which was evolved in 
America. 

Some details are given below of a material for 
making the cores of loading-coils, which was produced 
a few years ago in the laboratories of the Philips 
Works. The development of this material was 
based on the fact that the remanence must be 
small and B must be proportional to H. The 
magnetising curve had therefore to be of the form 
shown for the powder material Permalloy (see curve 
B in fig. 2). 

It was well known that certain nickel-iron alloys 
which had a very high remanence in the normal 
annealed state exhibited a lower remanence and 
a suitable hysteresis curve in the hard-rolled 
condition. A hard-rolled alloy of this type would 
therefore prove a suitable material for making cores 
if its necessary properties could be still further 
enhanced. 

To investigate whether this could be done cores 
were made of a nickel-iron alloy which was rolled 
down to a strip of 60 microns, then insulated with 
varnish and finally wounded up to a coil core (see 
fis. 3). To enable the material to be rolled easily it was 
reheated several times during the rolling process. 

It became immediately apparent in the first. ex- 


c) Coil core. 
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periments made that cores manufactured by this 
process exhibited marked , differences as’ regards 
 hysteresis losses. These losses were .five times 
greater with several coils as with others. The high 
hysteresis losses were always accompanied by a 
high remanence. 


After tracking down the causes of these dif- 


ferences, the.following manufacturing process was 
evolved, which furnishes a material with very low 


hysteresis losses and a satisfactory stability. A 
nickel-iron strip was rolled down to approx. 0.1 mm . 


and recrystallisation then induced by' reheating; 
the strip was then rolled down to 60 microns and 
again annealed at a temperature of approx. 400 °C 
during which stage no recrystallisation takes place. 

Each of the four stages of this process has its 
own specific importance. During first rolling the 


nickel-iron undergoes marked deformation in the’ 


direction of rolling, as a result of which a very 
characteristic structure is obtained on subsequent 
recrystallisation: The axes of the crystals, with 
very low deviation, fie parallel to the length, 
breadth and depth of the strip. ^. l 

This pronounced crystal structure causes the 
appearance of stresses in the material during the 
subsequent rolling process (reduction from 0.1 mm 
to 60 microns), 
` magnetically anisotropic. The magnetisation curves 
of the rolled strip obtained on magnetisation in the 
direction of rolling and perpendicular to it are 
observed to be essentially different. The are given 
by the curves B and A respectively in fig. 2. We have 
thus obtained a material which on magnetisation 
. in the direction of rolling has very low hys- 
teresis losses. 


the material also becoming 


The fourth stage in manufacture, annealling, i 


is merely carried out for the purpose of reducing 
the internal stresses, as a result of which the 
permeability rises without the low hysteresis value 


tae 
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in the longitudinal direction increasing too much. 
The effect of this annealing process is shown 
clearly in fig. 4, giving the curves for the permea- 


Fig. 4. Permeability u, hysteresis value q and stability AL/L 
as a function of the temperature after last re-heating. It is 
seen that the hysteresis has its lowest initial value up to 
400 °C. At this temperature the permeability has already 


considerably increased, while ‘the stability has reached an . 


optimum at this value. 


bility p, the hysteresis value q^) and the stability 


AL/L as a function of the temperature of annealing. 
For the type of coil shown in fig. 3 the following 
practical values were obtained. | 


Permeability » = 80 
“Hysteresis value q = hIYL. -— 7 
..Stability AL/L = 0.5 per cent. 


"Thé volume of the core was 23 cm? and that 
of the coil 60 cm’. . = 


3) The hysteresis value q = h/|L gives a figure for the 
hysteresis losses of the coil which is independent of the 
number of turns and is only determined by the dimensions 
and the material of the core. Here h is the hysteresis 
factor, ie. the increase in the hysteresis loss. resistance 
per henry and mA at 800 cycles/sec. s 


xi 
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TELESCOPE MIRRORS 


By H. J. MEERKAMP VAN EMBDEN. 


Summary. The degree of precision to which the surface of mirrors must conform to the 
true shape for use in large reflecting telescopes is exceptionally high. Deviations from 
the'true shape occur owing to sag and bending under its own weight and also owing 
to small temperature changes at the upper and lower surfaces of the glass disc. À process 
is described here in which the thick disc of glass normally employed.is replaced by a 
chromium-iron casting, one surface of which is coated with a thin glass layer on which 


the reflecting surface is ground. 


The history of astronomy and particularly of 


astrophysics is very closely related to the evolution 


of the instruments used for observations in these 
subjects. Before the invention of the refracting 


telescope only the paths of the planets could be 
observed and described; a deeper delving into the 
structure of the universe could not be essayed. 
The first refracting telescopes were made about 
1580 by Giambettista della Porta in Italy and 
by Zacharias Jansen (1608) in Holland. The 


, Dutch telescope, which was originally invented as 


an instrument for use in warfare and offered to 


Prince Maurits for this purpose, very soon 


became widely known and was also sold in Paris, 
Galilei in Padua thus obtaining information of 
its existence. He realised the importance of the 
invention and himself built a telescope on the same 


"lines. From this time dates a rapid expansion 
.of knowledge of the structure of universe: The 


discovery of the satellites of Jupiter, the ^mountains 
of the moon”, the starry clusters of the Milky Way, 
and spots of the sun, etc. By the applications of 
spectrum analysis and photography in the nine- 


teenth. century a more profound knowledge of these 
phenomena was gained. ' 


Together with the refracting telescope, the 
reflecting telescope was also undergoing develop- 


ment. Newton (1640— 1720) gave thefirstimpetus - 
to its evolution by his discovery that a mirror, 


contrary to a lens, does not possess chromatic 


' aberration. 


In the histories of the refracting and reflecting 
telescopes we are confronted with an example of 
the keenest mutual competition in which each 
instrument in its turn occupied the position of 


favour’ and preference. During recent years the 


reflecting telescope has come more and more to 
the fore, after a telescope with a mirror of 100". 
diameter was put into commission in 1918 at' the 
Mount Wilson Observatory. At the present time 
an instrument is under construction with a mirror 
having a diameter of 200". It should be noted 


^ for purposes of comparison that the largest telescope, 


that at the Yerkes Observatory, is equipped 


.with a lens of 40" diameter, so that fór the 


largest instruments the reflecting telescope holds 
unchallenged priority. 

Yet both instruments have their own Specific 
fields of application. The refracting telescope is 
employed in general for visual observations and 
for astronomical purposes, while the reflecting 
telescope, particularly those of large dimensions, 


is the ideal instrument for the observation of 


objects having a low luminosity , as well as for’ 
spectrographic.and photographic work. The image 
obtained with the refracting telescope is still sharp 
at some distance from the optical axis and in this 
respect gives better representation than the reflect- . 
ing telescope; the latteris however à better condenser | 
of the feehle light emitted from very distant objects. 
Moreover, reflecting telescopes are frequently ' 
favoured by amateurs since they are easier to make 
than refracting telescopes giving the. same bright- 
ness of image. 

To eliminate chromatic aberration the objective 


‘ofa telescope must be composed of at least two. 


lenses, which entails, grinding and mutually centering 
four surfaces on each objective, as against only one 
surface in a reflecting telescope where chromatic | 
aberration is absent. Furthermore, in the. objective 
of a refracting telescope part of the incident light 


- is reflected at the surface and absorbed by the glass; 


this absorption is most pronounced with.short wave- 
lengths to which photographic plates are most _ 
sensitive. The efficiency of the reflecting telescope 
is therefore the more satisfactory, especially as in - 
the most modern types the surface is coated with 
aluminium instead of silvered, mainly because an 
aluminium coating gives a satisfactory reflection 


‘of that part of the spectrum required for photo- 


graphic purposes. Reflection at the silvered surface 


` of a telescope mirror is much reduced if the silver 


surface tarnishes by exposure to air, so that it 
must be renovated at regular intérvals by replating. 

The most important component of the reflecting 
telescope, the mirror, was originally made of metal. 
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Socalled “mirror metal", an alloy of 68.3 per cent 
copper and 31/7 per cent tin, has been known 

for many years and lias proved extremely efficient. 
One disadvantage was, however, its brittleness and 
its difficulty to work, making the manufacture of 
. large units impossible. By altering the composition 
it was indeed found possible to cast larger objects, 
but only at the expense of the surface, which after 
. a short time lost its polish and no longer gave a 
good reflection. Owing to the extreme accuracy 
required of the surface, renovation cannot be 


resorted to and a metal mirror once having lost -. 


its reflecting surface cannot be reconditioned. . 

Nevertheless mirror metal was the only material 
available to the famous English builders of tele- 
scopes, Herschel, Lord Rosse and Lassell in 
the 19th centupy when constructing their large 
telescopes — up to-a diameter of 72” — with 
. whieh they made a large number of important 
discoveries. 

It was not until 1857 that Fousanli described 
a new method of preparing a, reflecting surface. He 
made a glass disc with the requisite shape of surface 
and by chemical means coated this surface with a 
very thin layer of silver. If the surface becomes 
dull by contact with the air, the silver was merely 
dissolved off and a new silver coating was deposited 
on it, without the shape of the surface being in 
the least way altered. This method was very success- 
ful and is still in general use. In recent years, 


however, Dr. Strong of Pasadena has evolved a’ 


process in which the silver coating is replaced by 
aluminium, which is deposited on the glass in a high 
vacuum by volatilisation. On exposure to air the 
: aluminium becomes coated with an extremely thin 
film of oxide, but is subsequently not further 
attacked by the atmosphere. 

If we examine the causes which limit the observa- 
tion of extremely distant objects in the universe 
when using large telescope mirrors, we find that 
these causes fall naturally into two groups: One 
group is independent of the instrument used, and 
the other group is inherent in the instrument. 

In the first group we have the lack of homogeneity 
of the atmosphere and the occurrence of disturbing 
light, and in the second group inaccuracies in the 
surface of the mirror and abnormalities due to 
stresses in the materials used and created in shaping 
them. : 


Difficulties Independent of the Instrument — - 


The observation of objects beyond the earth's 
atmospheric mantle is rendered difficult because 
the air through which the emitted light ane 
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the observer is not at rest but in constant motion. 
If the air were homogeneous, this motion ‘would 
have no effect; but owing to differences in temper- 
ature and humidity this is by no means the case, 
and the irregular refraction of the light rays during 
their passage to the instrument frequently prevents - 
reliable observations being made. 

In addition there are other disturbances due to 
the atmosphere surrounding the earth not being 
wholly transparent, but being permeated with dust 
and fog particles in suspension. Their presence not , 
only causes diffuse dispersion of part of the emitted 
light, but has the same effect also on light from 
other sources, so that a star cannot be seen against 
a perfectly dark background but only against a 
background which itself appears to have a certain 
brightness. The greater the surface of the telescope 
mirror, the morelight from the star under observa- 
tion will be collected at the focus and the greater 
will be the contrast against the background. 

To restrict the effect of this diffuse-dispersed 
light, it has been decided to erect the 200" 
telescope now in course, of construction in America 
not on Mount Wilson "alongside the existing 100^ 
telescope, which is the, largest one in use at the 
present time, but on Mount Palomas (3300 m) at 
a distance of 150 km. The reason for this is that the 
valleys surrounding Mount Wilson have become | 
densely populated during recent years and it has 
become essential to locate the new DBSEEVETOIE at 
some more distant spot. 


Difficulties Inherent in the Instrument . 


While the difficulties described above are beyond 
the control of the instrument builder, he must 
nevertheless give the most careful consideration to 
the following points since they have a paramount 
bearing on the efficiency and utility of the instru- 
ment. We will therefore discuss these difficult points 
in order. 

The correct theoretical shape for the aiae of 
the mirror is a paraboloid and every deviation from 
this ideal shape results in a reduction in the quality 
of the image. The first question which therefore 
arises is: How far can the actual shape of the 
surface deviate from the ideal theoretical shape, 
in other words what tolerance is permissible in 
the preparation of the surface? The best known 
rule for this is that given by Lord Rayleigh, 


according to which the maximum deviation at any 


point must not exceed !/, of the wavelength of 
visible light or approx. 0.07 p. It is thus evident 
to what high degree of accuracy the surface must 
be worked, since in machining metals a precision 


We 
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to within several microns already calls for the most 
exceptional accuracy on the part of the machines 
used. That the difficulties in making large mirrors 
become rapidly greater with the size is also appa- 
rent, for it is a very different matter to work to 
this precision with a surface of 28"? (a mirror of 
6" diameter) than with a mirror of 30000"? surface, 
ie. of 200" diameter. — 

Although. this requirement per se is already 
difficult enough to fulfil, it is rendered still more 
onerous by the fact that a telescope mirror is not 
a perfectly rigid body, since when the instrument 
is turned in different directions elastic deformation 
is set up within it while changes in shape are also 
produced by temperature gradients. Ás a result 
of these deviations a telescope may Become quite 
useless. 

Hitherto telescope mirrors have been made of 
glass, with the lower surface flat and the upper 
surface ground convex and then silvered. If a plate 
of this type is supported at three points in the usual 
way andi is then turned out of its horizontal position 
in following the path of a star a deformation must 
inevitably occur. In a horizontal position the mirror 
bends. at the centre under its own weight, while 
when exactly vertical the force of gravity creates 
a quite different type of deformation. In the case 
of a' massive disc the deformation in the vertical 
position can be neglected, but this cannot be done 
when the plate is horizontal and has a diameter 
exceeding about 8”. 

Consider two mirrors made of the same material, 
then ‘according to' investigations by Couder!) 
the sag of the mirror is proportional to R4/h?, where 
R is the radius and A the thickness of the mirror. 
It is thus possible to keep the deformation small 
by making the thickness large as compared with 
the diameter; but difficulties are then encountered 
in manufacture as well as in erection which limit 
the advantages to be gained by this means. 

With two mirrors of the same dimensions, but 
of different materials, the sag at the centre was 
; found to be proportional to d/E, where d is the 
P ; density and E the modulus of elasticity. Thus if 


- ‘we compare glass and bronze, two materials which 


are commonly used for making mirrors, it is found 
that E is the same for both materials, viz. approx. 
7-105 kg per sq em, while the density of bronze is 
8 and that of glass 2*/,, so that in this case glass 
would be much more suitable than bronze. 

In the large telescopes in use at various observa- 
tories, the mirror is usually given extra support 


J) A detailed investigation of this point is described by 
A. Couder in Bull. Astron, VII, 1931. 
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at different points by means of a complicated. 
system of levers with counterweights, thus elimi- 
nating the effect of the dead weight of the mirror. 
If these mirrors are raised towards the vertical, 

the opposing pressure Rppued me the SOUHIGEWENSIS 
diminishes. 

We shall now turn to another fasi which affects 
the deformation, viz., the variable temperature 
distribution over the mirror. Already during the 
manufacture of. the mirror this effect becomes 
apparent, since the grinding media cause the 
evolution of heat on the worked surface, while 


‘the lower side of the mirror remains at a lower 


temperature. Ás a result the. upper surface expands 
relative to the lower one, resulting in a deviation 
from the correct curvature, so that further grinding 
or measurement must be postponed until the 
temperature has again become uniform. The 
opposite state of affairs rules during the employ- 
ment of the mirror: The surface directed towards 
the heavens becomes cooled during night observa- 
tions, while the lower surface protected by a 
cushion: of still air between the back of the mirror 
and the mount is subject to less cooling. This 
temperature difference again results in a change 
in shape, unless provision for a temperature 
equilibrium is made by thermal conduction of . 
the glass and by radiation. Couder also investigated 
this phenomenon and found that with equivalent 
dimensions the deformation occurring is proportional 
to adc/k, where: 

a is the coefficient of linear expansion, 

d the density, 

c the specific heat, 
k the thermal conductivity. 


and 


To reduce these deformation effects Poux glass 
has been used in place of ordinary glass, the former 
having a lower coefficient of expansion and a 
greater thermal conductivity. 


Thermal 
conductivity . 
cal cm—1 sec—1 


| Coefficient of expansion 
— Relative elongation 
per °C 


0.012 
0.005 i 


3-1076 
910-5 


Ordinary glass 


With metal mirrors a considerable improvement 
could be achieved in this respect, since the 
conductivity of metals is approx. 100 times 
greater than that of glass. l 

A third cause of deformation is that temperature 
differences can occur not only between the upper 
and lower sides of the mirror but also between the 
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Fig. 1. Rear side of the 12” mirror. The casting by which 
the mirror is later secured in the telescope can be clearly 
seen. During surface working which is done by hand a wood 
ring is attached to the casting to provide a grip. 


rim and the centre. As a result of this the zone 
at the rim may become so highly deformed that 
the sole remedy possible is to place a diaphragm 
in front of the mirror, which naturally reduces 
its useful reflecting surface. In this respect again 
a metal mirror would be less sensitive. 

Mirrors in the past have been made exclusively 
in the form of massive discs, except the 200 ” 
mirror of Pyrex glass now in course of manufacture, 
which is made up of a plate ribbed on the lower 
side. A ribbed construction of this type offers various 
advantages, but could not be hitherto employed 
owing to the great difficulty of casting complicated 
shapes of glass. 


Fig. 2. Casting for a 12” concave mirror (focal length 
80”). On affixing the glass, part has run over the edge. 


Shaping is done by polishing two glass discs one against 
the other, using a suitable lubricant (carborundum, alundum 
or rouge). 
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The casting of metals is much simpler, although 
by using metals the important disadvantage already 
referred to remains, viz.. that the surface of the 
mirror is difficult to work and rapidly deteriorates. 

A way to overcome the difficulty has been investi- 
gated at this Laboratory for some time past; the 
new method of manufacture evolved is based on 
a combination of the desirable properties of glass 
and metal, viz., the use of a metal mirror which 
on the upper side is coated with a very thin skin 
of glass on which the mirror surface is ground. 

The metal used is a special chromium-iron alloy 
whose coefficient of expansion is the same as that 
of glass and to which the glass can very tenaciously 


Fig. 3. Rear side of the 35” mirror. The supporting frame- 
work provides tke necessary stiffening for the thin upper 
surface on which the glass is fused. 

adhere. This alloy has found extensive use in 
vacuum-tight metal-to-glass unions, which form 
an important component in the larger types of 
rectifying valve, in transmitting valves and X-ray 
tubes. 

The manufacture of castings from chromium-iron 
is not much more difficult than from steel and is 
much simpler than from glass. 

Any shape can be cast and the strengthening 
ribs can be made as thin andas high as required for 
obtaining the requisite strength, at the same time 
realising a low weight. Eyes and lugs can also be 
readily cast on, which can be later machined and 
threaded to facilitate the fixing of the mirror in 
its support. 
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Fig. 4. Chromium-iron casting of 35” diameter, covered on 
the front with glass to a thickness of 10 mm (shaded). The 
glass is later ground completely smooth, after which the 
surface is silvered. 


The casting is readily relieved of internal stresses 
by reheating, while for the same end glass mirrors 
must usually be allowed to cool for several months 
under the most carefully controlled conditions. 

The chromium-iron casting is first machined on 
the rear side and turned flat in a lathe so that the 
mirror will later lie quite flat when mounted in 
the polishing machine. The workpiece is then 
reversed and the top surface which is later covered 
with glass is then machined. In this operation the 
surface is roughly shaped to conform with the final 
surface contour of the mirror. 


This is followed by the application of the glass 
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coating. A glass plate is laid on the casting and the 
assembly then heated in a furnace to above the 
softening point of the glass. The glass melts and 
forms a bond with the metal surface below it; the 
fused glass must not be allowed to get too fluid 
so that with a concave mirror the whole of the 
glass collects at the centre. If this operation is 
correctly performed the glass coating forms a layer 
of uniform thickness over the whole surface and 
can therefore be maintained very thin. Little has 
then to be removed in the subsequent machining 
process, although the principal advantage is that 
the thin glass layer can be cooled very rapidly 
without the production of internal stresses. Cooling 
takes as many hours as months were required in 
the past. It is also possible to sort out the glass 
plates at the outset and reject all those with any 
suspicion of air bubbles, inclusions or other defects. 

In this way the advantages of metal and glass 
can be combined, viz. the easy machinability, 
good conductivity and ease in fixing of metal and 
the excellent surface and every facility for silvering 
or aluminium coating offered by glass. 

A concave mirror 12" in diameter (figs. 1 and 2) 
manufactured by this process was placed at the 
disposal of a number of amateur astronomers at 
Eindhoven, who are now grinding it down to give 
a focal length of 80". This mirror will be used in 
a telescope being built for its reception. 

A plane mirror with a diameter of 36 d 
(fiss.3 and 4) was supplied to the Californian 
Institute of Technology. It is now being ground 
and is to be used as a mirror in a coelostat, i.e. 
an instrument which at a plane mirror rotated by 
clockwork reflects the light emitted from a star or 
other heavenly body so that the measuring instru- 
ments used can be kept stationary. 

When using such coelostats for solar observations, 
a glass mirror introduces considerable difficulties 
owing to the marked differences in temperature 
which occur during the measuring period, while 
metal mirrors have the disadvantage that the 
surface gradually deteriorates and the power of 
reflection becomes considerably reduced. 

The advantages of the new process thus become 
strikingly apparent in this application. 
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Summary. In this article the transient phenomena in non-dissipative low-pass filters | ~ 


are analysed. With the aid of Heaviside’s operational calculus the cut-in current of 
the n-th section of an infinitely long filter composed of a number of equivalent sections 
of basic type is calculated. By repeated subdivision of the filter sections the 


continuous cable is obtained at the limit with uniformly-distributed inductance and 


capacity. On passing to the limit, it is found that the impressed impulse is propagated . — ^, ; 
without distortion and at a specific velocity through a non-dissipative cable. It is indicated 
in the last section how the transient phenomens, in high- pass: filters can be deduced . 


from those derived for low-pass filters. 
ay 


æ. 


In the previous articles of this series the behaviour 


of filtérs when sinusoidal- e.m.f. is’ impressed on 


them was investigated. From the results obtained 


the behaviour of the filter on the application of a 
non-sinusoidal but still periodically-varying voltage 
could also be deduced. This voltage can be expanded 
as a Fourier series, each term of which can be 


dealt with independently: and the results then . 


added by the principle of superposition (p. 242). 

. Conditions are, however, different where the 
voltage is not a periodic function, and in this case 
it is not possible to expand itas a Fourier series. 
An example of a non-periodic voltage sequence is 
the phenomenon obtained when closing a circuit; 
in this case transient phenomena are encountered. 

These phenomena will be analysed in detail below. 
The simplest case is the sudden impression of a 
direct voltage which will be assumed, for the 


sake of simplicity, to be unity, and to remain. 
constant after the circuit is closed, on a filter 


carrying neither current nor voltage. Fig.l gives 
this voltage as a function' of the time: For t = 0, 
v= Cent ford os 0o 7-1. 


l 0 — t 
20160 
Fig. 1. The Heaviside unit function. 
; . " 

This function will be termed the unit function, 
in accordance with Heaviside, and will be 
represented by the symbol [1]. In this article 
we shall limit discussion to low and high-pass filters 


of fundamental form when this unit voltage-time 


function is impressed on them. 
We shall employ the operational or symbolic 
calculus, which is based on the following principle: 


" 


ir aod 


If i(t) is an arbitrary function of the time, a function 
with another variable p can be obtained by means 
of the following -expression (Carson’s integral): 


o 


E x 0 RB 
E 


The symbolic form ať equation (1) is:. 


i (t) = fo) 


For each siven function: BQ), f(p )i is detued by (1) 
and vice versa. f(p) is termed the operational 
representation of i(t). If i(t) represents a current 


and if at time t = 0 the current and all time 


derivatives are equal to zero, then it follows that: 
ap ee 
Fee E 
ae OHP fip); 


n 


— i o= 


T pfo. 


Differentiation with respect to t therefore corre- . 


sponds to a multiplication by p (and not by j c, 
as in the complex method). Similarly integration 
corresponds toa multiplication by l/p. We get 
by calculation with the aid of equation (1): 
d 
y a 
Ji @ a= se) rn ra (3) 
o 


We thus obtain a transformation from the known 
complex method to the operational caloan; if j w 


‘is replaced by p. 
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"The operational representation of the unit 
function [1], which is now under consideration, 
is according to 3 equation (1): 


pfem dead, 


[l]==p fs e-?' [1] dt = 

o. o 

l Q51.. (5) 

A potential impressed at the time t = 0 which 

subsequently remains constant is thus represented 

in the operational calulues by a constant which is 
equal to the absolute value of this potential. 


Low-Pass Filter of Basic Type on the Application 
of the Heaviside Unit Function 


Consider a low-pass filter composed of an infinite 
number of T-sections of basic type (fig. 2), 
or what is the same thing as regards the currents 
and voltages in the filter, of a finite number of 


X 
sections which are terminated by the image imped- 


ance. 


AE O 04 " "2016! 


$ 
Fig. 2. Low-pass filter composed ofi an infinite — of 
T sections of basic type. 


-We shall discüss this filter in the first place as 
again having a sinusoidal em.f. impressed on it, 
using the complex method of representation E, e? 
We shall here make use of the formulae for low-pass 
filters which were derived earlier!) and which are 
collected together in a comprehensive table on 
p. 305 of this Review. For the image impedance 
Zr’, ie. here the impedance between the primary 
terminals, we have: 


n gc = VeVi s, . (6) 


and the propagation constant T'of a single section 
is given by the expression: . 


pue. | (y 1-2,-j 2 


d (6) and (7) give Zy and T as functions 
of the angular frequency. c», is the angular fre- 


(Q 


quency at the boundary of the transmission band. 


The secondary current of the n-th section is i, 
ie. the primary current of the n-th section (= the 
secondary current of the (n — 1)th section) is z,_). 


1) Philips techn. Rev. 1, 298, 1936. 
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The primary current of the first section is thus 
iy. If now the voltage between the primary terminals 
of the filter is Ee”, we have: 


Epei” : 
ig = Z yo ttt t on (9) 
T 
E, jot 
i, = E -eT = 
. Zr 
E, ej ?' 


zh zy .. (10) 


hs 


What does i, become if no sinusoidal voltage is . 
impressed across the primary terminals of the filter, 
but a unit potential function [1]? We obtain the 
operational representation of this current i,(t) by 
substituting in equation (10) p for jw and 1 for 
E,d *, thus: 

JE 1 2n. 
=| Lu F 


. (11) 


In order. to determine to which time function this 
operational expression (11) corresponds, i.e. how 
the current in the n-th branch depends on the 
time, expression (11) is substituted in the integral 
equation (1). We have therefore to solve the integral 


equation: 
[efr en 
j pers (12) 


and to answer the question: What function 1, (t) on 
integration gives this result? 

The operational representation of a large number 
of functions is known; the right hand side of 
equation (11) belongs to the ae of known 
expressions: 


2n 


myl , 1 / mm .2n a 
"| — ae P 
IE! (x) wel 1 -E-2 . (13) 
o 3 1+2 T as : 
It thus follows from d and (13): 
e 
in (t) = yc JEN (3) dx, "os (14) 


where ’J,,(x) is the Bessel function of the 2n-th 
order with the argument x. 

Equation (14) thus gives the current obtaining 
behind the n-th section of a low-pass filter composed 
of T-sections of basic type, if at the input 
of the filter at time t = 0 a direct voltage of unit - 
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value i is suddenly applied, and the filter before: t=0 
. ‘carried neither current nor voltage. 

Fig.3 shows the current in the self-induction of 
. the fourth section, i. e. i 


HERT 


as a function of c, t. It is seen that the current i, (t) 
remains very small up to time t = 2 njw; it then 
commences to be built up and finally fluctuates 
„about YCIL with gradually diminishing amplitude. 
This is the analogue of the finite time of transmission 
of a signal as found in the case of cables. In our 
_case the current has passed through n sections in 
the time t = 2 n/w,, so that per second n/t =4/, c, 


iy ip 


sections are traversed. The velocity of propagation: 


is therefore !/,.«, = 1/VLC sections per second. 


HNIC IZ 


HINC 
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Fig. 3. The current in the self-induction of the fourth section - 


of a low-pass filter composed of an infinite number of sections 
` of basic type (or a finite number of sections -terminated 
by the image impedance), when unit potential [1] is impressed 
at the input of the filter at t — 0. This current is represented 


by "T ; 
Ej 4(0- ys f^ (x) dx, 
0 


where @, is the limiting frequency of the filter. The broken 
line indicates the current at the same point when the filter 
is transformed into a continuous cable by infinite subdivision 
of the filter sections. 


Transition from a Low-Pass Filter to a Continuous 


. Cable 


- 


The filter discussed in the previous section con- ` 


sisted of a group of equivalent-T-sections connected 


in series. If each T-section is replaced by a series- . 


connected group of other T-sections, with self- 
inductions and capacities an m-th part of the 
original filter, the total self-induction and total 
capacity will both remain unchanged. Since, 
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M the limiting frequency of the filter 


= 2/VLC is determined by the self-induction 
er the capacity per section, it will be multiplied 
by m on subdivision of the section. If this demulti- 
plication is continued ad infinitum, we get the con- 
tinuous cable at the limit m > co viz., a uniformly 
distributed self-induction in series and uniformly- 
distributed capacity in parallel throughout the cable. 


_ As m has been taken to infinity, the limiting fre- 


quency of the cable will be infinite. A cable devoid 
of resistance (i.e., -non-dissipative) will transmit 
all frequencies without attenuation. The impedance 


. of the cable is the limiting value of 


2 ee 


r= YLIC. 

The behaviour of the cable on the application of 
the unit function [1] can be derived from the 
behaviour of the filter already investigated and 
from which we have derived the cable as the 
limiting case. : 

Consider the point A which in fis original filter 
was located at „the end of the n-th section, and 
assume that the current at that point is i4(t). If ` 


i.e. 


' each section is subdivided into m sections, then 


for each new section the self-induction will be L/m 
and the capacity C[m, so that the limiting frequency 


of the filter is nó Tonger 2/VLC, -but: 
. (15) 


The current. at the point A now follows from 
equation (11): 


"MORS E MO m am 


i4) = 


If subdivision of the sections is continued to- 
infinity, i i.e. m = co, the filter passes over into the: 
continuous cable. The total ‘self-induction between 


the input of the filter and the point A remains nL, 


and the total capacity n C. If Lis the length of the 
cable between the input and the point A, the self- 
induction per unit of length is L = nL/l and the 
capacity per unit of length C = n Cjl. For the 
sake of abbreviation insert DL = cand we get: 
a ETE 
LC = — L C = ~... . (M) 


n? nme 


ere 
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Substitution in equation (16) then gives: 
B 272 
4 pi pl 
1 
(| T 4m? zz) 


we E E - (18) 


2mn 


If m in this expression is taken to infinity, we get 


the limiting case of the continuous cable, thus: 


2 


—_ — 2mn 
ies 


lim . 2mnc 
iat) = — mco L E m = 
, l "e l Sut 4m^n^c 
lm C d 1 2mn : 
= ` ye lc (1 €— p ) = 
Lo dE EE T 2mnc 


- ye. en. edo son ups @ oar (19) 


Since the impedance of the cable at every ‘point is 


Y LJC, C, the oo r epresentation of the voltage 


at the point A is: 
ea (t) = AP, a aa (20) 
This is, the operational representation of the 


unit function [1], which however does not operate 
at t = 0, but at t = I/c, as demonstrated in fig. 4. 
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Fig. 4. . Current through a continuous cable at a distance I, 
when the potential at the input is represented by the Heav- 
iside unit function, . 


` Thus the unit potential [1], which was impressed 
oxi the cable at the input end, arrives at the point A 
free from distortion as a unit potential after the 
elapse of the time t = l/c. Hence on the transition 
from a low-pass filter to a continuous cable a 
distortionless propagation is obtained with a time 
of transmission of l/c, in accordance with the 


_elementary theory of electric cables. Propagation 
‘has in fact become free from distortion because 


the limiting frequency in the transmission band 
has been displaced to infinity. For a non-dissipative 


cable located in an area without dielectric losses 
and with a dielectric constant e = 1 the self- 
induction. and capacity assume such values that. 

the velocity of propagation c is equal to the velocity - 


L 
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of light. If e > 1, c will be smaller than the velocity 


of light. 4 


. Transient Phenomena with High-Pass Filters. of | 


Fundamental Form 


Hitherto we have limited discussion to: tran- 
sient phenomena with low-pass filters; the results 
obtained can be applied to high-pass filters with 
the aid of a mathematical transformation by which 
the transient phenomena in a second network 
can be calculated when those in the first network 
are known. A necessary condition before this can 
be done is that the second network must be a 
frequency-reciprocal of the first network, i.e. it 


must possess self-inductions at those points where ` 


the first network has capacities, and capacities at 
those points where self-inductions are located in 
the first network, while the resistances in the ER 
networks must be the same. The values of C*, 

and R* of the second network must be ilis to 


. the L, C and R values of the first network accord- : 


ing to the following expressions: 


1 . 
ae 
1 
wi Gs 
R*—R, 


where œ; is an arbitrary angular frequencyin radians. 
If w, is taken equal to the limiting frequency of 
the low-pass filter, the latter will pass on applying 
the above-mentioned mathematical transformation 
into a high-pass filter with the same limiting 
frequency and it becomes possible to deduce from 
expressions derived on highly generalised assump- 
tions?) the transient phenomena in high-pass 
filters in a closed form, directly from the known 
expressions for low-pass filters as demonstrated 
above. . 

Since ` the. high-frequency components of the 


voltage impulse applied to the first section in this 


case allow current to flow instantaneously through 
all series- connected capacities, the retardation 
found with . . low-pass filters is absent here, 
and the currents in all circuits exhibit a discontinu- 
ous front, which. to some extent complicates mathe- 
matical representation. We shall not - consider this 
point in peur detail. i 


2). Balth. van der Pol, Physica T, 521, 1934. 
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GAS-FILLED TRIODES 


By H. G. BOUMEESTER and M. J. DRUYVESTEYN. 


Summary. In this article a description is given of a gas-filled triode, which contains in 
addition to a cathode, a grid and an anode a cathanode. The manner in which it 
works and the possibilities of its application are dealt with. 


To obtain a specific amplification with the smallest 
number of amplifying valves, valves must be used 
in which a definite variation in the grid voltage 


Fig. l. The gas-filled triode. 


produces the greatest possible change in the anode 
current. In receiving valves of normal ratings the 
ratio between these two variations, the socalled 
slope or gradient, is rarely greater than 10 milliamps 
per volt. Yet if triodes of standard ratings are 
filled with a small quantity of gas!) a slope of 
30 milliamps per volt and even more can be realised. 
In spite of this desirable result there are, however, 
two important objections against the use of a valve 
of this type, viz., its marked noise and the fact 
that the steep slope is maintained only at low 
frequencies; at higher frequencies (roughly above 
105 cycles) the slope drops to a much lower value. 
The relationship between the slope and the fre- 
quency is evident when it is remembered that the 
occurrence of a high slope when using a gas filling 
is due to ionisation by electrons in the vicinity 
of the anode; the resultant positive ions possess 


7) Gas-filled valves were used already 20 years ago. 


only a low velocity and thus remove from the space 
charge a much greater number of electrons, so 
that the anode current increases considerably. It 
is just this slow displacement of the positive ions 
(a result of their great mass) which is responsible 
for the reduced gradient at higher frequencies. 
Some time ago?) a valve filled with mercury 
vapour was described which could be used as triode 
and which did not possess the above-mentioned 
disadvantages of the gas-filled triode; in this valve 
a greater slope was moreover achieved in a some- 
what different manner. The general appearance of 
the valve may be gathered from fig. 1, while fig. 2 
shows a section through the Philips type of this 
valve. K is an indirectly-heated cathode. At a 
distance of 10 mm from the cathode is a rectangular 
grid (K 4) made of gauze. It is seen from the 
longitudinal section that the upper and lower sides 
ofthe grid are covered by mica plates m. Immediately 
behind the first gauze there is a second gauze at 


40mm 


20/22 


Fig. 2. Section through the gas-filled triode. K cathode; 
KA cathanode; G grid; A anode and m mica plates for limiting 
the discharge. 


2) J. R. Nelson and J. D. le Van, Q.S.T. June 1935, p. 23. 
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= 
a distance of 1 to 1.5 mm, and directly behind the 
latter a plate -bent at right angles which serves as 
the anode. The valve bulb contains a drop of mercury 
so that an atmosphere of mercury vapour is present 
between the electrodes. The valve functions on the 
following lines: Between the cathode and the first 
gauze an arc discharge is produced for which this 
gauze acts-as anode. In the arc a large number of 
positive ions are formed which dilute the space 
charge. of electrons, so that the running voltage of 


. the arc (i.e. the voltage between cathode and anode) 


is low, for example 10 volts. Electrons pass through 


this: gauze-like electrode and are attracted to the. 


plate by the second gauze. The plate thus performs 


- the same function as the anode in a vacuum valve, 


f 


while the second gauze is fully comparable to the 
grid of a vacuum valve. The first gauze may be 
compared on the one hand to the cathode of a 
vacuum valve, and since on the other hand it 
constitutes the anode of the arc discharge. it is 
termed the “cathanode”. 


; 20125 . 
Fig. 3. Circuit for plotting the characteristics. V, anode voltage, 
V4, voltage at the cathanode, V, grid potential, p ; grid current, 
LN “vathanode current, i, anode current and R Tesistance for 
HAE thë arc discharge. 

' To measure the characteristics of this valve the 
circuit shown in fig. 3 is employed. The arc current, 
which is e.g. 500 mA, is furnished by a 24-volt 
battery through a resistance R. The grid and anode 


‘voltages ‘are varied by means of potentiometers 


and the usual characteristics then plotted. The arc 
current flowing to the cathode is not altered during 
this measurement, but only that part of this current 
which flows from either,the cathanode or the anode. 
Fi igs. 4 and 5 reproduce a number of characteristics 
in which the anode. current i, is plotted as a 
function of the anode volts V, and the grid 


"voltage V, respectively. In the example illustrated 


in the graphs the slope was 27 mA per volt, 
and the internal resistance 1900 ohms, so that the 
amplification factor was 51. It is seen that the slope 
increases with the arc current, while the amplification 
factor meanwhile changes. very little. 


The properties of this valve may be explained. 


by regarding the cathanode as a cathode, the 
action of the valve then being identical to that 
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of a vacuum. triode ?). Since the surface of the 
cathode is very large and the grid is located close | 
to the cathode, the steep slope is readily accounted ` 
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Fig. 4, Characteristics of the anode current i, as a function 
of the anode volts V, for different values of ilie grid pum 
V. The cathanode current ij, is here 500 mA. 


for. The number of ‘positive ions formed between 
the grid and the anode is ‘small and is not a measure 
of the slope. As on varying the grid voltage the 
anode current is also altered but not the arc current, 
while at the same time the number of positive 
ions formed between the cathode and the cathanode 
remains constant, it would be expected that the 
slope is not related to the frequency, provided the 
latter does not assume such high values that the 
time of transit of the electrons has to be taken into . 
consideration. In fact this valve may be quite 
readily used as an oscillator at a wavelength of, 
for example, 200 m. The other disadvantage of 
gas-filled valves mentioned at the outset, viz., the 
pronounced noise, is also absent in this valve. 


3) A fundamental difference between this virtual cathode 
and the normal oxide cathode of a vacuum valve is that 
the mean velocity of emission of the electrons in the 
second case is only about 0.1 volt as against several 
volts with the cathanode. It is desirable for the velocity 
of emission of the electrons at the cathanode to be as 
low as possible, ‘since the slope increases as the velocity 
of emission diminishes. This velocity can be reduced by 
raising the gas pressure as well as by increasing the arc 
current; the form of the discharge space can also be made 
more efficient than shown in fig. 2. If, for instance, the 
anode is enclosed by two grids and the discharge is 
produced in the outer space where also the cathode must 
be situated, the discharge space is enlarged and the 
velocity of the electrons at the cathanode is reduced. 


m 
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_ On comparing this valve with vacuum. valves it ‘small interval being indeed necessary in order 
is found that in spite of the absence of the dis- to limit the ionisation: By introducing a screen 
' advantages referred to above its general application ' grid between these electrodes the capacity can’. 


however be considerably reduced. : 
4) - As the pressure of the mercury is.governed by 
the temperature, the characteristics usually 
‘vary with fluctuations in the room temperature 
or when the valve is cooled:-by. a current of 
air 5). : 
5) Thei,-V, characteristic has a fairly pisustced 
eine: . ZEE Z 
Since these properties are ‘on: 1-the whole üdisfent 
in the valve described, they restrict considerably 
the possible use .of the valve. It is evident that 
thése properties will prove more undesirable in 
“some applications than in' others. . XD 
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Fig. 5. Characteristics of the anode current i, as a function 
of the grid volts L^ for different values of the anode voltage 


V, The cathanode current i,, is here 500 mA. l l 20e i 
Fig. 6. Circuit for a gas-filled iode used as oscillator in a 


one-valve transmitter for operating, on an anode voltage of 
110 V. The cathanode current is furnished by a 24-volt 


is nevertheless restricted by several properties in. 


which it differs from those of the vacuum valves. battery, . > hos, m 
The principal divergent properties are: ^, . . `> "T : 
1). The cathanode current introduces an additional This valve can be used with marked satisfaction ' 


. complication, especially as it is fairly high, e.g. as. an oscillator in. one-valve transmitters, the 
. 500-mÀ, and must be kept constant to a high pronounced slope permitting the operation of a 


_ degree. transmitter of the type shown in fig.6 from a 
2) The grid currents are high, being for instance 110-volts supply. The anode consumption is here 
several mA *). . . - . 12 watts, the cathanode current 400 milliamps, and 


3) The grid-anode capacity is high, since the the high-frequency energy 6 watts at a wae nee 
distance between the electrodes is small, this of 670 m. eus 


4) While with a negative grid bias (with reference to the 5) This difficulty would be overcome by using an unsaturated 


cathode) a` current of positive ions flows to the grid’ mercury vapour instead of saturated one, or by filling 
which hardly varies with the grid potential, a current of the valve with a rare gas at a low pressure. In the latter - 
electrons which wil vary ‘with the grid potential will case the slope .is, however, smaller than when using 


flow to the grid when the bias is positive. mercury vapour., 
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THE DAMPING OF MECHANICAL VIBRATIONS 


‘By A. CRAMWINCKEL, C, J. DIPPEL and G. HELLER. 


‘Summary. Two factors: friction and the decay of the restoring stresses determine the 


properties of damping agents. 


In the present article an investigation is made as to 


how the damping properties’ depend on the frequency taking into consideration the 
_ above two factors. Two groups of damping agents can be distinguished which exhibit 
fundamentally different behaviours towards vibrations. In the first group, the damping 
. depends mainly on the decay of the restoring stress, and in the second it is due mainly 
to internal friction. A damping agent of the second group is described, which i is suitable for 
damping the resonances of vibrating mechanical systems. 


In the construction of vibrating mechaniéal 
systems (for instance for acoustic purposes) it is 


frequently necessary: to damp the undesirable ` 


natural vibrations without excessively reducing the 
sensitivity of the system. In many cases suitable 
damping can be obtained with air or, where a more 
powerful action is required, with oil or other fluid. 
But in many apparatus these forms of damping are 
not desirable or cannot be realised in practice; it 
becomes necessary to employ solid damping agents. 

Since the damping of vibrations plays an im- 


portant part in modern engineering, some of the 


more important aspects of damping agents will be 
discussed below. We shall first discuss the principal 
causes producing the damping of vibrations, taking 
as an example a rectilinear vibration ‘of a point 
mass under the action of elastic and damping forces. 
This will be followed by the analysis of a specific 
technical problem. 


Friction and Decay of Restoring Forces : as Damping 
Causes 


Two T" of damping will be considered below 1), 


The first, friction, is a general phenomenon well: 


known in mechanics. It can be represented by a 

force which, contrary to elastic forces, always acts 

in a direction opposite to that of the motion 

affected and at the same time increases with the 

velocity. In the simplest case (liquid friction) this 

force is puepodionol tó the i : 
n dx 


Force of friction. =— av= =a ngi I a ) 


wi 
` 


wherė x is the distance traversed and a is the 
coefficient of friction. 


There is also a second factor causing the dampis 
of vibrations. E a material, such as ebonite, is 


1) A’ detailed discusion of these questions is to be found 
in J. M. Burgers, Ned. `T. Natuurk. I, 209, 1934; 
First Report on Viscosity and CORN Proc. Roy. Ac. 

: Sc." A'dam, i n L, Vol. XV, No. 


allowed to remain for a long time in an elastically 
deformed state, it will be found that on being 
released it does not return either at all or wholly 
to its initial state of equilibrium. The reason for 
this is that the forces of restitution do not correspond 
to perfect elasticity, but gradually decay with the 
lapse of time owing to molecular rearrangements. 


If with such a material the external forces impressed - 


on it are kept constant, the material will begin to . 
flow in such a way that a reduction of the elastic 
forces results. If the time of decay vis introduced 9. 
we have the differential law: i 
: dt DS 
cp aros es s s (2) 
This law states that the force of restitution with 
a sufficiently. rapid vibration is proportional to the 
elongation (K = — c x). If the system is arrested 
after deflection a decay of the forces will, however, 
take place with a lapse of time according to the 
law: 


dK dt 
K T 

It may be readily seen that this phenomenon also 
results in a damping of the vibrations. If, for 


instance, we represent the velocity v by an electric | 


current į and the-force K by a voltage V, then the 


‘conditions of damping resulting for a point mass 


are analogous to the damping of an oscillating 


‘circuit ‘by a resistance r in series and a second 


resistance R in parallel to the condenser (see fig. 1). 
It is thus evident that this electrical problem 
satisfies exactly the same differential equations as 
the mechanical model, if the circuit elements, are 
so chosen that: a 


2) -The assumption of a time of decay t independent of the 
_ restoring forces, as in the case of our model, signifies that 

. the material already begins to flow at the lowest appliéd . 
- force. In practice, with flow phenomena pne is mostly: : 
dealing with materials which only commence to flow 
appreciably above a specific force, the socalled yield point. 
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It is well known that both the series resistance r 
and the shunt resistance R produce a damping of 
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-. Fig. 1. Substitution circuit for a mechanical vibration with . 
- friction and decay of restoring forces. In place of the coefficient 


of friction à we have the resistance r, and in place of the 


_ time of decay 7 of the forces of restitution ithe time of discharge 
. RE of the- condenser. i 


the E Thus in our mechanical model a 
damping is similarly produced, both as a result 
of friction and of the decay of the restoring 
forces. ] 


Behaviour of Damping Agents with respect to Forced 


i Vibrations 


: The behaviour of damping agents has a much 
greater practical importance with respect to forced 
vibrations — the arresting of vibrating mechanical 
systems — than with, regard to free vibrations. The 
necessary calculations can be readily carried out by 
introducing, in: addition to the internal forces, 
which are the same as those for free vibrations, 


- also an external force k sin w t. 


The following expression is obtained for the 


S absolute value of the amplitude A of vibration: 


$ -VI+ Cor? 


A ee, . (3) 


2 


. where c is the natural frequency of the freely- 


vibrating system. This:equation gives the “numerical 


_ amplitude" A/k/c as a function of the “numerical 
frequency" w/w,, the “numerical friction" a’ = wg . 


ajc, and “the numerical time of decay" v' = wọ T. 


Discussion of the relation 3 : : 


In fig.2 the numerical amplitude is plotted ‘as f 


a function of the numerical frequency for a specific 
case (t’ = 20, a’ = 0.45). The frequency scale 
w/w, has been divided into four regions which 
wall be discussed separately. 


' the numerical amplitude; 


1 
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I J. Decay Region -. - 


At low —— the pide becomes very 
great owing to the decay of the restoring forces. 
If the frequency is so low that wlw is small as 
compared with unity, we get from equation (3) for 


ke. or 707777 (4) 


`~ It is therefore determined by the time of delay r, 
and for this reason this region will be termed the . 


decay region. 
II) Static Region 


In the region between approx. t/y o, and !/, «y 
the amplitude differs but little from the value: 


= ke .s20.- (5) 
This is Hooke's law, which applies to the static 
loading of a material with elastic constant c with 
a force k This region can therefore be termed the 
static region. 


III) Friction Region ^|. & ^ $o 


At resonance (w = wp) the amplitude in the 
absence of friction would increase without limit. 
Friction limits the: amplitude in such a way that 
the maximum, numerical” amplitude is inversely 
proportional to the numerical friction: © 
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Fig. 2. Amplitude of a vibrating system as a function of the 
frequency’ when under the action of a ‘constant energising 
force. At, very low frequencies, the amplitude becomes very 
great owing to flow phenomena (decay of the restoring forces), 


while for the rest the usual curve for damped oscillations | 


is obtained. The curve applies for wy v = 20, waje = 0.45. 
I decay region; II static region; III friction region; IV mass 
region. The broken line shows the amplitude, in regions I and 


` III, in the absence of friction and decay. In the latter case 


the amplitude at the resonance frequency becomes infinite. 
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IX) Mass Fagor "LU au ga 


wee 


‘At very high frequencies w Y Wp, the amplitude 
of the vibration becomes independent of the friction; 


the’ time of decay and the hardness of the spring. 


For this limiting c case we get: 


PRE OE x ur 


Po 


a 


- in other words a diminution inversely proportional 


~ II) Static region 


ts 


a 


‘to’ thé mass and square of the frequency. 

E Equations (4): to (7) indicate that in each of 
the four frequency regions one of the four constants 
T, €, a and m determines the amplitude. These 
results are collated in table I. 


Table I 


. Characteristic 
constant 


I), Decay region 


III) Friction region 
IV) Mass region 


Tt is seen that the. amplitude is determined in.two 
. regions (I and LIT) by the damping constants v and a; 
+- the, frequency range.of these regions is proportional 
; to 1/z and a; In the first region, that of decay, the 
:..decay of the restoring forces at a given amplitude 


of the. forced vibrations leads to a reduction of the 


forces. In the third ,region (friction) the friction 
with given- forces inducing vibration , causes a 
reduction of the amplitudes. 

A separate problem is the relationship between 


. the damping constants on the one hand and the 


. viscosity and decay of the damping agent on the 


. other. This relationship cannot .be immediately 
: deduced, for it is governed by the method the 
vibrations are transmitted, particularly e.g. whether 


. transversal ox longitudinal vibrations are set up 


Pa 


. + transversal transmission of vibrations has been 
. Madelung and Elügge?). 


‘ 3 Specific , Applications 


: in the damping medium., A, model for the pure 


investigated . theoretically. and ., experimentally _by 


` 


E 


The above analysis indicates ‘the existence of 
` fundamentally different’ types of” damping agents. 
The first type (flow-type damping agents) yields to 
slow displacements and is elastic with regard to 


a ee " Cs? "n S y : 
3) E. Madelung and S. Flügge, Ann. Physik, 22, 209,1935. s 
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high frequencies. These damping agents are partic- 
ularly. suitable for preventing the occurrence of 


. elastic, stresses on gradual deformation, e.g., 


„foundations. À typical example ‘of this class E 


material is asphalt. Under .a brisk blow from a 
. hammer, which generates mainly..high frequencies 
` this material exhibits a true elasticity, but, under..' 


a sustained pressure it commences to flow. The 


Second group of agents (frictional damping agents) 
.is elastic when subjected to slow. displacements; 
- the natural vibrations are, however, damped by 


internal friction. These agents are. extremely 
suitable for damping instruments used for recording 
vibrations; particularly when the modulus of 


„elasticity of the damping material is sufficiently 


small Rubber is a typical frictional damping 


‘” medium provided the impressed force is not too 


great, but also has a comparatively high modulus 
of elasticity, so that its use in vibrating systems 
considerably increases the rigidity in addition to 


' the damping force. 


A damping medium without this disadvantage has l 
been employed in the sound recorder of the Philips’ > 
Miller system. In this case the material has to 
be run into the damping chamber as a fluid and 
must then rapidly set, before it has a chance to . 


, flow into the air gaps of.the magnetic system. These 


considerations, together with the need for a low 


. modulus of elasticity, led to experiments being 


conducted with gelatinised systems, of which gelatin 
and agar-agar solutions, are typical examples. Com- 
pared to fluid damping agents, a solid damping 
medium offers the advantage that the point of 
application of thé damping force can be chosen 


arbitrarily and made of limited dimensions, and that 


the damping material can be applied directly where 
required in every:case. : 
Mixtures of gelatin and water are ‘unsuitable, as 


‘ they rapidly dry out and also shrink considerably, 


so that on drying the material becomes detached 
from the walls. Both disadvantages can be over- 


. come by the addition of glycerine. But a considerable 
: amount of glycerine has to be added, which in its 


turn reduces the damping force too much. By adding 
water-soluble oils, the desired combination of a high 
damping and low rigidity was indeed realised, but 


. at.the same time the durability of the mixture was 
. unsatisfactory, for in course of time. shrinkage 
. occurred and the rigidity increased. 


- The addition of sugar was found satisfactory 


` from every point of view.. The damping „was in- 


creased, the rigidity remained small, and all shrink- 
age: disappéared, while the: adhesion of the material 
was excellent. . 


. ‘remarkable that this implies a diniinuation of the. 
i viscosity “of the mass in the liquid phase. Therefore 
` the damping ‘properties of definite- gelatinising 


in 


n 
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"The damping properties of this material may be 
improved by a suitable thermal treatment. -It is 


systems cannot be deduced as a rule from the 


‘properties of “the system above- the ' gelatinising 


temperature in the molten state. : > ^ 

The total damping. of the sound recorder was 
roughly doubled by using this damping medium, 
while the sensitivity was reduced by only about 
X ‘per cent. 

‘By varying the: the physical 
properties of the material, such as melting point, 


H 


composition, 


B^ 


n m 
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damping, rigidity; could to some > extent.be modified. 
. The addition of agar-agar | in place of gelatin, BE 
instance, raises the melting point: . ` 

It should, be mentjoned that this damping 
compound can also be employed for other damping 
duties, such.as occur in wax-dise cutters ‘and loud- 
speakers. One of the authors has used the damping 
agent described here with complete satisfaction for 
filling bicycle tyres, which thus acquired marked ' 
damping properties and no longer required pumping 


up. Since the compound does not flow, the cycle : 


can be left to stand for-a long time without the 
om going flat. 
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PRACTICAL: APPLICATIONS OF X- RAYS FOR THE EXAMINATION oF. 
MATERIALS VII 


. By W. G. 


In article No. VII of "this ‘series it was shown 


‘that the expansion’ (or contraction) of a' crystal 


'" the cross-section’ of tlie. X-ray beam (ie. greater - 
' “than about 1 sq mm) then the*distortion' of the” 


lattice is exhibited in X-ray analysis by a displace- 
" ment of the interference lines towards a smaller" 


(or larger) angle of deflection" with réference to 
tlie direction of inciderice. This phenoménon can be 


: employed as the basis for a method fot revealing " 
the elastic strains in a material by means of X-rays !).' 


These strains produce elastic deformatioris resulting 
ina slight change in the interatomic distances which 


-álteration' can’ be“ ‘brought out by radiography. 


According to the nature of strain distribution in 
the material or workpiece this can happen in 
different ways. In general’ thë strains vary in 


‘direction and magnitude from area to area. If the 


areas of nearly constant’ strain are greater than 


lattice is the same throughout the whole’ of the 


BURGERS. 


‘ 


‘millimetre every possible state of strain can. be 


found. Such micro- strains occur for instance in cold- ' 
^ worked (e.g: rolléd) metals, even when these are not ` 


‘subject to extérnal load. In such a-case the‘inter- 
atomic distancés in the irradiated area-aré’ f slightly 

greater at oné point ‘and ‘slightly Smallér at another 
point: The X-ray lines aré then displaced "both 
inwards and outwards, so that the lines becóme 
indistinct, while their distance apart is to a first 
approximation the same as in the absence of any” 
strain ?). , 


Frequently the mechanical state of a workpiece 


will include both’macro and micro- strains, a con- 
dition which is revealed in the radiograph by the 
presence of lines which compared with the radio- 


graph for the unstrained material’ are displaced: 


as*well as broadened out. ^ FR ee 
To obtain the X-ray strain diagtam for a work- 
piece the" arrangement ‘shown diagrammatically. in 


irradiated area: The X-ray lines are then displaced “ fig. 1 may be used with satisfactory results; here 


- either inwards or outwards according: to the local * 
strain. Strains of this type, which may be termed 


v 


“macro-strains” may for instance "occur in the 
neighboürhóod of ‘welded’seams or in avorkpieces 


under an external load or stréss, such ‘as axles, 


levers, etc. Elastic strains may, however, vary over, . 


much smaller areas such that in: na pingle square 


7) In certain ‘circumstances it can also be ‘measited, cf. 
A. E. van Arkel and W. G. Burgets, “Inwendige 
spanningen in metalen”, Polytechn. Wbl. 28, 513, 1934. 


"only those’ rays reflected: in -a direction ` almost 
‘opposite to that of the incident “X-ray beam are 


registered on the film. This arrangementis favorable ` 


in view of the low value of the ‘possible deformation. 
The maximum strains are indeed.to a certain extent 
limited by the yield point (in certain circumstances 


L 


* ?) This has , been "ears hy vw. P. Davey.,and. 
A; E. van Arkel: 
"W. P. Davey, Gen. Electr. Rev. 28, 586, 1925; 
* A, E. van 'Árkel, Physica 5,-208, 1925. 


i 873. 


Wak 


- PHILIPS TECHNICAL REVIEW |. ` : Vol. 1, No. 12 


by the ultimate strength) of the material, i.e. by which was irfadiated in ‘a: direction perpendicular 
the strain at which permanent set (or failure) is | to its surface W using the arrangement represented 
‘obtained. On exceeding the yield point the inter- in fig. 1.. Fig. 2b reproduces the radiograph of the 
atomic distances undergo c on the average no id “ same strip. after it has-been elastically flexed, as 


; "indicated. by the hatched ling? WE ‘gin fig. l; (the 
uf : flexion® ‘patween two points Atom‘apait being SSyeral 
"ined = a result «of flexion "the ooliyextside 
oft the st rip has sbecome’ elastically expanded parallel 

: to “the surface,” and owing 35 tiansverse contraction, 
es p ‘Has*bécotiie” elastically constricted perpendicular 


r 


E “the inface, ELS id = the P 
uu 


w” ww: i xaly Jinek inwards (akin particular the inner 
7250 i. intéiference ring). Ifthe band is flexéd i inthe'opposite 
Ff : ' direction (hatched line W” in fig. 1) so that the 
Fig. 1. Diagrammatic arrangement of X-ray tube, film and X-ray beam strikes the concave side, there is a 
specimen for the X-ray investigation of internal strains.. displacement of the lines in the opposite direction 
R = X-ray tube. D = Diaphragm. i aea o ats ; 
F-F = Photographic film (with a hole at the centre through (fig. 2c). Thus from an examination of the displace- 
which the diaphragm D projects). ... : ment of the lines, the character of the strains in 
"TRA 2 a c p pcm ume the surface (and in certain circumstances also their. 
; magnitude, cf. the article in the Polytechn. Wbl. 
.change ovér small areas of for instance 1000 atoms, quoted) can be approximately determined. In the .- 
. since the lettice tllar- gives ańd: the atoms slide example under discussion here the line displacement . 
over each other. This: critical strain; particularly can be equated against the strain produced by 
with metals, is léss than F per cent: of the modulus flexion, thus providing the basis of a method for 
of ‘elasticity, in’ general being. actually'a^müuch determining the macro-strains at any point. of a 
smaller fraction. The fluctuations ‘in interatomic’ Workpiece. (e.g. in a welded seam); to do this it - 
. . distances resulting from elastic strain will thereforé is merely necéssary to compare the radiograph 
. . be at the most; ;ot. this "order. of iidenitudé; so that obtained with the arrangement shown in fig. 1 for. 
. . only the most sensitive lines on a ‘radiograph will the stresséd l'area' with -thigseptresponding exposure 
become measurably displaced, i.e. those lines which obtained. for’ an. ope Jårea. 
on a specific change in intératomic distance sustain c MEE 
"the maximum displacement. As already indicated 18. Effect of Heat Tiedtodenb o on the e^Mien: strains” 


in the previous article (Philips techn. Rev. 1, 253, in a Steel Ring "es UN 


. 1936: fig. 1b) these are the inner lines of a socalled The radiographs, shown „in figs. Ja and b were 
"reversed" radiograph, ie. a radiograph in which obtained with two steel ` rings of which one had 


the film is so placed that the incident X-ray beam heen reheated to 600? `C for half an hour. The. 
passes through a hole in the centre of the film. 


- This method is eraployeda in the arrangement shown 
t d fig. 1. £ 

As X- "rays are strongly absorbed by ietie; strain 
conditions can only be registered and investigated 
.. by the X-ray method which are’ located in the outer 
‘superficial layer (e. g. within a thickness of 20 u) 
of the sample or workpiece under examination. 
A number of'simple applications of the X-ray 
method to the investigation of strain conditions 

are discussed: below. — ' 


definition of the sensitive interference lines (a 
doublet) is very different; zin the ‘two exposures: 
in fig. 3a the lines dfe indistinct ‘and in fig. 3b they - 
are quite clearly separated. It may thus be concluded 
that the latter radiograph applies to the reheated 
ring: As a result of reheating the elastic “micro- 
strains" in this ring have disappeared, being retained `` 
in the non-heated ring (produced probably as a 
result of previous working) where they are indicated 
by the lack of definition in the interference lines. 

717; Detection of “Macro-strains” in an elastically- . 19. Difference in Micro-strains between the Surface 
"a flexed Metal Strip . Layer and Core of a drawn Tungsten Wire 


Fig. 2a shows the “most sensitive" interference Fig. 4a septoducssdris 4 *most sensitive" X-ray 
lines in a radiograph of a rolled nickel-iron strip lines of a radiograph prepared from a cold-drawn: 
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Fig. 2. Radiographs of a nickel-iron strip irradiated perpendic- 


ularly to the surface. 
a Band flat 


(W in fig. 1). 


b Band flexed, outer surface irradiated (W’ in fig. 1). 


c Band flexed, 


fine-crystalline tungsten wire 500 u in thickness, 
while fig. 4b gives the corresponding lines for 
a radiograph of the same wire after etching off 
the skin to a depth of about 15 u. The lines 
in fig. 4a lack definition, while those in fig. 4b are 
sharply defined (this is particularly shown by the 
fact that the pictures consist of two doublets whose 
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Fig. 3. Effect of heat treatment on the *micro-strains" in a 
steel ring. 

a Non-reheated ring. 

b Ring after reheating to 600 ^ C for about half an hour. 


inner surface 


irradiated (W^ in fig. 1). 


separation is very different in figs. a and b). It 
may be concluded from these 1a. iographs that the 
outer layer of a drawn tungsten wire, i.e. the layer 
which has come in direct contact with the drawing 
disc, has bene subjected to variable deformation 


from point to point ?). 
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Fig. 4. Difference between the “micro-strains” in the outer 
layer and core of a drawn tungsten wire. 

a Surface of unetched wire 500 u thick. 

b Surface after etching off a layer 15 u thick. 


3) As will be shown later, X-ray lines which lack definition 
can also be produced by the pressure of extremely small 
crystallites. This factor is probably of no moment in the 
present case, since the lack of definition in the lines can 
be eliminated in the radiograph of the unetched wire by 
reheating the wire to a temperature at which crystalline 
growth (recrystallisation) is still almost completely absent, 
although such atomic displacement occurs that the dis- 
tortions of the crystal lattice and hence also the “micro- 
strains" are reduced. 


